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PBEFACE. 

The general extension of naTigatioo and commerce 
over our globe, the numerous inventions and discoveries 
which have characterized the last and the present cen- 
tury, the number of travellers who have traversed the 
earth in all directions in pursuit of j^ilosophical know- 
ledge, the restlessness of inflamed curiosity, and even the 
wars, invasions and revolutions of our eventful age, have 
all co-operated to enlai^ the sphere of human know- 
ledge, and consequently our acquaintance with the phe- 
nomena of the earth, and with the evolutions of those 
heavenly orbs which decorate that immense vault sur- 
rounding our destined habitation. The learned men of 
the present age are better acquainted with the figure of 
the earth, and the planetary magnitudes and distance^ 
than their predecessors a few centuries back, were with 
the magnitude and position of theii respective native 
countries. 

Hence, it has been found necessary to enlarge the sys- 
tem of school education, and to allow a liberal space to 
the sublime, interesting and useful science of Astronomy. 
We have been led into this course, not merely by the 
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desire of gratifying a liberal corionty, but by the neoes- 
sity of qualifying met), holding a respectable rank in 
society, for the discharge of the various duties of life. 
The philosopher, the theolc^an, the physician, the states- 
man, the merchant, and above all, the navigator, are at 
present supposed, to have at least, a general acquaintance 
with the heavenly bodies, and the unerring laws by 
which they are regulated and governed. Even well-edu- 
cated females are expected to have added a competent 
share of aatronomical knowledge to the other accom- 
l^ishments of their sex. 

Therefore, in all our schools and institutes (^ educa- 
tion, male and female. Astronomy is justly becoming a 
favorite study, having all the advantages, we may be 
allowed to say, of opening to the youthful mind a view 
of the beautiful visions of [danetary motions, and of the 
odier charms of the science, which never fail to inspire 
rapturous feelings of delight, and to create a genuine 
taste for the beauties and sublimities of nature. Inti- 
mately connected with Astronomy is the Use of the 
Globes, the study of which is recommended by nearly all 
the writers on the different branches of education. 

A treatise on Astronomy and the Use of Globes, 
calculated for the use of High Schools and Academies 
seems to be wanted. The small compends, which are 
commonly met with, are too puerile and trifling, and in 
every view incompetent to the attainment of their object 
With these impressions, and from long experience in Uie 
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education of youth, the ensuing treatise has been tuido*- 
takea and prepared. 

Pakt First of the present TtJume, it is believed, con- 
tains everything of importance, relating to the elements 
of astronomical science, and is divided into articles, each 
of which, for convenience in reference, is numbered, and 
exhibits the subject under discussion in that article. 
Students of ordinary attainments, can, with proper appli- 
cation, understand and answer nearly all the questions on 
the difierent articles, and corresponding in number, found 
at the foot of each page. Some knowledge of Geome- 
try, TrigODOmetry, and Algebra, is requisite iully to com- 
prehend a few of the 'more difficult demonstrations and 
abstruse calculations. 

Pabt Skcohd, contains an extensive collection of the 
most useful Problems on the Globes, illustrated by a 
suitable variety of examples, with notes and observa- 
tions. These problems will be found very entertaining 
and instructive to the young student They explain 
some of the most important branches of Gec^aphy and 
Astronomy. A few of the most useful tables are given 
in this part, and the method <^ their calculation fully ex- 
plained. 

The design of the author in the present treatise, is to 
|N:oduce a work on Astronomy and the Use of the Globes, 
suited to the exigencies of school instruction ; to supply 
on the one hand the defects of the smaller ccHnpends, and 
on- the other to convey to the pupil a comprabensire 
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knowledge of these aubjects in one Tolume of but 
moderate size. With what degree <^ judgment this at- 
tempt has been made, the pubhc will determine, against 
whose decision there ia no appeal ; but it is hc^>ed that 
they will receive with indulgence a well meant effort to 
■impllff the system of education, and thus promote the 
diffusion of useful knowledge. 

CXMTRAI. HlOB SOHOOL, ) 

Baltoioiw, Dec 1840. ) 
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ASTfiONOMY.-PART I. 



L OF THB HBAVEKa. TEBRE8TBIAL AND CEUB- 

TIAL GLOBUS OR SPHESEB DEFINITIONS OF POINTS, [.1NB8, 

CIRCLEB, AND TERUB, USED IN OBSERVATIONS, COHFDTA- 
TIONS, AND IN THE SOLUTION OF PROBLEMS FERTAININQ 
TO GEOGRAPHT AND A8TR0N0MT. 

1. Heavenly Bodies. The Sua, Moon, and Stars, 
and all luminous bodies situated in the regions of space 
surrounding the earth, are called the Heavenly Bodies. 

2. Phenomena of the Heavenly Bodies. When we 
view attentively, in our latitude, the nocturnal heavens 
at successive -intervals, we shall find that the stars appear 
to move from that part of the heavens called the East, 
to that part called the West. With our left to the 
east, we observe some stars to come into view, or rise, 
gradually ascend during one-half of their course, then 
gradually descend, and disappear, or set. The arcs de- 
scribed by these stars, from their rising to their setting, 
are parallel, and gradually decrease in length and height, 
towards the front, from the one passing over our heads, 
which is the most elevated. A line which joins the most 
elevated points of these area, lies in the direction of that 
part of the heavens called the South. 

' 1. Nuns the lieaTeDl/ bodies, 

% ^ve m deKTiption of the jdieiMmccM of Uww faodiw. 
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14 ASTBONOlir. 

If we now torn our right to the east, and carefully ot>- 
•erve the motious of the stars in our front, we shall find 
that some, from their rising to their setting, will describe 
arcs which increase fr<Hn the one passios over our heads, 
to a complete circle; and that others will revolve, in cir- 
cles of different dimensions, round a certain star which 
appears to remain stationary. This star ia called the 
Pole Star ; and those that revolve round it, and never set, 
are called Circumpolar Stars. The pole star is not in 
reaUty stationary, but revolves, itself, and the other stars 
near it, round a certain and fixed point. This point, 
which is about 1^° &om the pole star, is called the 
North Pole of the Heavens. It will thus be found, that 
the sun, moon, and all the heavenly bodies, appear to 
make one complete revolution in the -course of nearly 
twenty-four hours, called their Diurnal Motion. 

3. FisBD Stars and Planets. Of these stars, by far 
the greatest number maintain always the same relative 
positions with respect to each other, and are therefore 
called Fixed Stars. But, by carefully inspectiog the 
heavens, a few others will be found to change their po- 
sition among the fixed stars — sometimes moving to the 
east of them, at other times to the west, and at certain 
times remaining stationary. These bodies are called 
Planets.* If the situation of the sun and moon be ob- 
served at successive intervals, we shall find that they have 
a motion from west to east among the fixed stars, and 
that each will perform a revolution in the heavens, in 
different periods of time. 

4. Artificial Globes. The Terrestrial Globe is an 
artificial representation of the earth ; having truly delin- 
eated on its surface, according to their relative situation 
on the earth, the four quarters of the world, the difibr- 

• From n-iavtjnjf n wanderer. 

What are drcumpoUj- Btam t How is the dotQi pole of the hesTeiu 
fbimd f What [H meant b^ the dimnot motion of ihe beaTenlj bodies 9 

8. How would you distinguuh between the fixed store and plsnels I 
Bfloides the diunisl motion, what other motian bare the tun and moon I 

i. What ia the ten-ettml globe t 
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DBPINinONB. 16 

ent empiree, kingdoms, countnes, and states ; the several 
oceans, segs, largest lakes, and [Hincipal rivers ; the chief 
cities, towns, &.C. 

The Celestial Globe is an artificial representation of 
the heavens ; having the fixed stars laid down on its 
surface, according to their natural order and position in 
the heavens. The student must suppose himself placed 
in the centre of this globe, and viewing the stars in the 
concave surface. 

The distance, of the fixed stars is so immensely great,, that 
from opposite positions of the earth's surfiice, or even orbit, 
tbej senublv appear to occupy the same point in the heavens ; 
sua hence, from all places of the earth, and at all seasons of 
the year, the stars maintain the same apparent position. As 
the other heavenly bodies, namely, the planets, &c., are sub- 
ject to relative and actual change of place, they are not deli- 
neated on this globe, but when their places are found for any 
particular time they are referred to these points in the same 
spherical concave surface, whatever may be their actual dis- 
tance from the earth. 

5. Axes AND Poles of the Heavens ano Eabth. If 
we imagine a straight line to be drawn from the north 
pole of the heavens, already determined, (2,*) to the cen- 
tre of the earth, and extended, it will be the Axis of the 
Heavens, or the line on which they appear to revolve from 
east to west. The opposite extremity of this line will 
determine the south pole of the Heavens. 

That part of the axis of the heavens which is supposed 
to pierce the earth and pass through its centre, is that 
imaginary line on which it revolves &om west to east, 

* Kumben tluiB enclosed in a forenUieais, ref^ to previtnu articles. 

Whkt b the eelegtial globe t In niiag; iUb globe, where miut the 
■tndent BD[q>oee hinuelf situated t Thj are the fixed' Blan onlj laid 
down OD tfak gjobe t What heavenly bodiet are not delineated on this 
globe, and wh; t When the place of any of theie heavenly bodies ii 
ftnmd fur »ny time, to what point must it be referred, and wiUHnt'r^ard 
to what) 

fi. What is the uda of the hearene t What ia the axil of tbe eaitii I 
What are the terrestrial and celestial polaa I 
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10 ASTEONOUT. 

and is called the Axis of ^e Earth. The extremities of 
this axis are die Poles of the Earth. The ooe is called 
the north or Arctic Pole ; and the other, the south or 
Antarctic P<Je. 

The wires on which the artificial globes revolve, represent 
respectively the axis of the heavens and the earth ; and the 
extremities of these wires represent the celestial and terrestrial 
poles. 

6. Great and Shall Circles. The circles of the 
terrestrial and celestial spheres are either great or small. 
A great circle is a section made by a plane, which passes 
through the centre of the sphere, and divides it into two 
equal parts. A small circle is a section made by a plane, 
wtiich does not pass through the centre of the sphere, and 
consequently divides it into two unequal parts. 

Two ajest circles bisect each other, because their common 
interseobon, being a straight line, and passing through the cen- 
tre, is a diameter. 

7. Terrestrial akd Celestial Eouator. The ter- 
rest^ equator, simply called the Equator, ia a great 
circle* of the earth, the plane of which is perpenificular 
to the axis, and at an equal distance from the poles. It 
divides the earth into two hemispheres, the northern and 
southern. When the plane of the terrestrial equator is 
referred to the heavens, it coincides vnth the celestial equa- 
tor, generally called the Equinoctial, because when the sun 
comes to it, the days and nights are equal all over the 
world. The celestial poles are evidently the geometrical 
poles of the celestial equator. 

8. Tbe Horizon. The horizon is a great circle sepa- 
' The tenn dicle m freqaentlj used for iti drcDin&reiioa. 

e. Define ■ gre>t and anull cin^ of Hie tpbete. Vhj do two gnat 
drdes bisect «adi otliei t 

^. Wlut ia the tematrial equ&tor, and how doo it divide the euth t 
What ia the oelestial equato, and what geDsrall; called I Whj ia the 
eeleatial equatu' called the equinoctial I 

B. What ii the hwiioa, and how diath^uiahed I 
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DXriKlTIOKS. 17 

rating the visible half of the heavens &oin Uie invisible, 
and IS either Sensible or Rational. The sensible horizon 
of anjj place on the earth's surface, is a circle, the plane 
of which is tangent to the earth at that place, and euta 
the celestial sphere. The rational, or true horizon, is a 
plane supposed to pass through the centre of the earth 
parallel to the visible or Bensime horizon. The upper pole 
of this circle is called the zenith, and the lower pole is 
called the nadir. 

The Wooden Horizon which circumscribes the arti- 
ficial slobe, is a representation of the rational horizon. 
It is divided into several concentric circles. On the 

gobes generally in use, these circles are arranged as f<A- 
ws: 

The first circle b divided into degrees, which are numbered 
trom 0° to 90°, from the east towards the north and south, and 
and in hke manner from the west towards the north and south. 

The second circle contains the 32 points of the compass. 
The north and south points ore exactly in the direction of the 
poles of the globe. 

The third circle contuns the 12 signs of the zodiac, with the 
figure and character of each sign. 

The fourth circle contains the degrees of the ugns, each ngn 
comprehending SO". 

The fifth circle contains the days of the month, answering to 
each degree of the sun's place in the ecliptic. 

The sixth circle contuna the 12 calendar months of the year. 

The seventh circle shows the equation of lime. When the 
clock ought to be ^ter than apparent time, the number oi 
minutes showing the difference is marked by Uie sign + ; and 
when the clock ought to be slower, the number of minutes ez- 
presung the difference, is marked by the sign — . 

The Compass attached to the Grames of sonrte artificial 
globes, is a circle divided into 32 equal parts, called Points, 
each containing 11' 16', oonformaUe to the same number 



What k tha MnaiUe horuco I Wlut u the ntioDftl honcoo I Wliit 
ii the senith t Wtwt (be nadir I Wliat does the woodco htsiron npf 
MDt I How ii tlie wooden borison divided t Describe^he aeTeral dr- 
das of tk» wooden horisao. Deeoibe th« ocmpui. 
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18 A8T10N0KT. 

(rf pcnnta on the woodeo homon. In the centre there is 
a finely- pointed pin, on which is ^aced r Magnetic Nee- 
dle moving freely, and protected oy a glass cover. 

The compam Beires to aet the globe due north and loatli, 
in order that its circlee, lines, &c., may correspond to those 
vhich they represent. 

The Variation of the Compass is the deviation of the 
north end of the needle from the true north point of the 
horizon, and is either east ot west. Proper allowance 
should be made for the variation. 

Rhumb Lines are lines drawn from the centre of the 
compass to the 32 points of the horizon. 

In navigation, a rhumb line is a lozodromic curve, cutting 
each meridian at the Brfme angle, and is traced by a ship sailit^ 
on a given course by the compass; hence, it is a gptrat, and it 
vill never return into itself except it be due east and west, or 
due north and south. 

9. Meridians. Meridians are great circles cutting 
the equinoctial at right angles, and consequently bisecting 
each other in the celestial poles. These great circles 
receive different names, such a^ Celestial Meridians, 
tlour Circles, and Declination Circles. Horary Angles 
are the angles formed by these circles. 

The Coiures are those two meridians which pass throu^ 
the equinoctial and solstitial points ; hence they are called 
the equinoctial and solstitial coiures. 

The half of the meridian above the horizon is called 
the Superior Meridian, and the other half below, the 
Inferior Meridian. These Circles, when referred to the 
earth, are called Terrestrial Meridians ; but often in- 
discriminately they are simply called Meridians. Every 
place on the earth is supposed to have a meridian passing 

or «h>t tvw u Ae eompaaa I What ia tiie TBiiatMa of Oit OMnpMi, 
' and vhat is obaerred reapectiog it t Deao^ ihe iliumb lioea, sod psr- 
ticuUrl]' aa <dideratoud in nKvigntioii. 

9. What are meridtaiu. and where do the; Unet each other t What 
are the diflto^it appellations giTen to these ^reat circlea I What are At 
oblarm, and bmr dutinguuhed I What it the auperkir, and slea inferior 
toniUant Whttai*toi«trUBH>idim«t 
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through it. When the sun comes to the meridian (^ any 
place (not within the polar circles,) it is apparent noon 
at that place. 

The First or Prime Meridian is that from wljich the 
longitudes of places b^n to be recltoned, and passes 
through some noted place. All nations have not fixed 
on the same Jirst meridian. In English globes, the first 
meridian is supposed to pass through London or the 
Royal Observatory at Greenwich. The Americans gene- 
rally reckon longitude from the meridian of Washingtcm 
City. 

The Brass Meridian is a great circle, which divides 
the globe into the eastern and western hemispheres, and 
withm which it revolves. When any place is broiufht 
to the brass meridian, it becomes the meridian of that 
place. The brass meridian is divided into 360°, which 
are again sub-divided into halves and quarters. The 
degrees of one semi-circle of the brass meridian are 
numbered trom the equator towards the poles, and those 
of the other, from the poles towards the equator. 

The Hour Circle is a small circle of brass fixed to the 
north pole of the artificial globes, and divided into 24 
equal parts, corresponding to the hours of the day, and 
also to the meridians or hour circles passing through 
every 15° of the equator or equinoctial. The hours on 
the hour circle are sub-divided into halves and quarters. 
On some globes, the hour circle is drawn surroundiog the 
north pole, and furnished with an Index, or pointer. 

10. The Bcliptio and Zodiac with theie Signs. That 
great circle, which the sun appears to describe by his 
annual progress in the heavens, is called the Ecliptic. 
The plane of this circle, which necessarily contains the . 

WheD tiie Kan comes to the meridian ot anj pUoe, vtutt hour U it >t 
th&t place t Wlut u Hie Ant meridiM), awl tliraagb what plaM k it 
iDpposed to pass reepectively bj the Eogliih and Americana t What ia 
the brasa meridian, and how divided! Bow ate the degtvea in aadi 
fenii.cirele of the bran m«ridian numbered t What ia tbe boor «itd«, 
and to what do Ita diviiiaiii cotreipoDd I 

10. What ta the Mliptic; and tbroo^ iriiat dMi it fm I 
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20 ABTBOKOHT. 

earth's orlnt, passes throu^ the centres of the sun and 
earth, and cuts the plaoe m the equinoctial ia an angle 
of 23° 38', called the Obliquity of the Ecliptic ; tlie 
points of intersection are called the Equinoctial Points. 
The intersection of the plane of the ecliptic with the 
earth's surface is drawn on the terrestrial globe, and is 
also called the ecliptic ; so also the points of intersection 
with the equator, are called the eqomoctial points. 

The Zodiac is a zone or belt, which extends about S" 
on each side of the ecliptic, and contains the orbits of the 
moon and priocipal planets. This zone or belt is drawn 
on the celestial globe. 

The ecliptic and zodiac are divided into twelve equal 
parts, called Signs, each containing 30°. The first six, 
commencing at the point where the sun passes from the 
south to the north of the equinoctial, are called Northern 
Signs, the other six. Southern Signs. The names and 
characters of the signs, with the days, or thereabouts, on 
v^ch the sun enters them, are as follows : 

KORTBSRir SIOITB. 

( T Aries, the Rom, 30th of March. 
Spbhio. } V Taurus, the Bull, 19th of April. 

/ n Oemini, the Twius, 20th of May. 

I s Cancer, the Crab, 2Ut of June. 
SinaiKa. i fl. Leo, the Lion, 22d of July. 

( "E Virgo, the Virgin, 22d of August. 

80UTBUMI BIOHH. 

{ ^ Libra, the Balance, 23d of September. 
AnTum. } % 8cor[no, the Scorpion, 23d of October. 

r t SogittanuB, the Archer, 22d of Norember. 

I y? CapricomuB, the Goat, 2lBt oi December. 
WiNTxa, J ^ Aquarius, the Water-bearer, 20th of January. 

( K Pisces, the Fishes, 19th of Febniary. 

What wlbe obliquity of the «aUptic I Wh&t are the equinoctial poiiitBt 
IVint out the ecliptic and equinoctial pojota oq Uie globe. Describe tba 
Kidiae, and ra wbat ^obe i> it dravn I Into how nuuij ngtw nre the 
•diptiGandiodiaedivid«dt AC vhat pcant iloea the diviuoa of the Bigna 
begin I Name the norihem aigni, and tba daja on irhich the sun enten 
Umol HametheaoBflwtnwgiMswdaiiBd^Miwludithemnwitwtbaro. 
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BirtwiTtoini. 21 

11. Ybktical, ok AzTHttTH CiRCLRs. Vertical Circles 
are iiTiagiDU7 great circles cutting the horizon at rig^t 
angles, and consequently passing through the zenith and 
the nadir. 

The Printe Vertical cuts the meridian at ri^t angles. 
Its intersections with the horizon are the east and west 
points. 

The Quadrant of Altitude, used in solving problems 
by the globes, is a thin slip of brass, divided on one edge 
m)mO°upwards to 90", and from O" downwards to 1^, 
corresponding to as many degrees of any great circle 
of the globe. 

When the quadrant of altitude is screwed on the brass 
meridian over the Eenith of the place, and the lower end pass- 
ed between the globe and wooden horizon, it will represent a 
part of a vertical great circle. 

12. CiKCLES OF Celestial Latitude. Great circles 
of the. celestial sphere drawn at right angles to the eclip- 
tic, and coDsequently passing through its poles, are called 
Circles of Celestial Latitude. 

The quadrant of altitude, when screwed on the brass meri- 
dian over the pole of the ecliptic, and its lower end moved 
along this circle, will represent parts of &%aa drcles of celes- 
tial btitnde. 

13. Caedinal Points. The cardinal points of the 
heavens are the Zenith and the Nadir. The zenith is 
the point in which a vertical line at anv place meets the 
heavens above ; and the nadir is the pomt in which this 
line meets the heavens below. The zenith and nadir as 
before observed, are the geometrical poles of the horizon. 

IL Whai an Tratioal dreles, and fluough what do tlwy paas t What 
■ tbe [niiDe rertical, ud its inleiwctiaas wiUi Uie kariEon, ealledl 
TVlatu tlw qnadnuit of altilude I When Krewed on the lemthof the 
jitae, what doet it repretent I 

18. What an drdes of oaUilial latitade, and how can the qnadrant 
irf altitDde be made to lepresait Ibm I 

la What are the eanbial point! irftbehesvmat Demzibe the uoith. 
Dasoiba dw nadir. 
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38 AflTEONOIIT. 

The cardinal points of the horizon are the East, West, 
North, and South Points. The north and south points 
are those points in which the meridian of the place outs 
the horizon ; and the east and west points are those in 
which the prime vertical circle also cuts the horizon. 

The carding points of the ecliptic are the Equinoctial 
and Solstitial Points. The equinoctial points, or Bqui- 
Qozes, are the interaectiona of the ecliptic and equinocQal, 
and are the first points of the signs Aries and Libra. 
The first point of Aries, or that which the sun passes on 
the 20th of March, is called the Vernal Equinox ; and 
the first point of Libra, or that which he passes on the 
23d of September, is called the Autumnal Equinox. 
These times or epochs are also termed equinoxes. The 
solstitial points, or Solstices, are those two opposite points 
of the ecliptic, 90" distant from the equinoctial points, 
and are therefore the first [mints of the signs Cancer and 
Capricomus. The first point of the sign Cancer, or that 
which the sun enters on the 21st of June, is called the 
Summer Solstice ; and the first point of the sign Capri- 
comus, or that which he enters on the 21st of December, 
is called the Winter Sc^stice. These dates are also call- 
ed sobtices. 

14. Shall Cikcleb of the Sprbses. Parallels of 
Declination are small circles parallel to the equinoctial. 
Parallels of Latitude are small circles parallel to the 
Equator. 

Every place on the globe is supposed to have a parallel of 
latdtute drawn through it, though they are only drawn through 
every 10° of latitude oa the terrestrial globe. 



Of what we the lenilh and nadir the pt^es t What are the cardinal 
pnntB of the horizon 1 Descrihe the north and Bonth points, and also llw 
•Mt and weat pmnta. What are the cardinal points of Uie ecliptia t 
Wliat are the equinoctial p(Hnt«, and on what days does the Bun enter 
ttiemt When do the vernal and autunuial eqalnozee happen t What 
■re the eolatltial ptunta. and on what daja doM the mn enter thran ) 
When do the mnnmer and wintw wdrtieea happen I 

14. What are pandlela of dadiaatioDl 
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HrtMITIONS. 38 

Fartdlels of Celsatial Latitude are small cirolea drawn 
on the celestial globe, parallel to the ecliptic. 

The Tropics are those two parallels of declination, 
each at a distance of 23° 28' from the equinoctial, equal 
the obliquity of tlie ecliptic, (10). Hence the tropics 
touch the solstitial points. The northern b called the 
Tropic of Cancer, and the southern, the Tropic of Ca- 
pricorn. 

The Polar Circles are those two parallels of declina- 
tion at a distance of 23° 28' from the celestial poles, equal 
the obliquity of the ecliptic. The northern is called the 
Arctic Circle, and the southern, the Antarctic Circle. 

The tropica and polar circles are also drawn parallel to the 
«quator on the terrestrial globe, or sphere. 

15. Positions of the Spheee. The positions of the 
sphere are three : right, parallel, and oblique. 

A Right Sphere is that position in which the horizon 
cuts the equator and parallels of latitude, and also their 
corresponding circles in the heavens, at right angles, di- 
viding them into two equal parts, and thereby making 
Aquafday and night. The inhabitants of the equator, 
because the equinoctial passes through their zenith and 
nadir, have this position of the sphere. 

A Parallel Sphere is that position in which the equator 
coincides with the rational norizon, and all the parallels 
of latitude parallel thereto. In this position the zenith 
and nadir will agree with the t^lestial poles ; hence the 
inhabitants of the north and south poles (if there be any,) 
have a parallel sphere. 

An Oolique Sphere is that position in which the rational 
horizon cuts the equator and parallels of latitude obliquely. 



Id vhat do puaUdi of Iktitode and puvDela itf criertial ktitoda difhr I 
mutBreOM trcfac^Bodliinr diatingiiiihadt VLat ue Um poUr orelei^ 
and how dutrngniaked I Point out theae imall dides oa the globes. 

111. Bow KIM);' poaitiaDi of the Bj^iare are there, and what are ibaj I 
Wbat b K ri^t qihere, *tid what bbabitaata have this pomtun ( What 
M a parallel apheie t What plaeea haTU a parallel i^dien I What ia an 
•tiUqiM ipban I 
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34 AITKOnOKT. 

All inhabitants of the earth have an oblique sphere, ex- 
cept those who live at the equator and at the poles. 

16. Right Ascension and Decliwat'ion. The Ri^t 
Ascension of a heavenly body is an arc of the equinoctial. 
reckoning from the vernal eqninoi eastward, to the decli- 
nation circle passing throng the centre of the body. It is 
also that degree of the equinoctial which rises vrith the 
body in a right sphere ; because, in this position of the 
sphere, any meridian or declination circle, and the hori- 
zon which regulates the rising of the body, will coincide. 
The right ascension varies firom 0° to 360", or from Oh. 
to24h. 

The Declination of a heavenly body is its distance 
from the equinoctial, and is either north or south : or, it 
JB an arc of a declination circle intercepted between the 
centre of the body and the equinoctial. Hence, when 
the sun enters Aries and Libra, he has no declination ; 
and when he enters Cancer and C^ricom, he has the 
greatest declination, which is 23° 28'. 

The declinadon of the planets will depend on the inclinatioDS 
of tb^r orbits and the longitudes of the nodes. As the filed 
■tars occnpy all points of the heavens, thur declinationB will 
vary from 0° to 90° north or south. The declination of any- 
particular star is always the same. 

The Polar Distance of a heavenly body is its distance 
from the nearest celestial jtole ; or, it is the complement 
of the declination. 

When the right aacention and declioauon of a heavenly bodj 
are determinate, its position in the sphere of the heavens is 
also determined. 



Wlist inhalatantB lure tbia position I 

16. What is (be ri^t ucenaiai of a hcaTool; body t From -what ia it 
lediMied, aod wbkh iray I What iu dedinatioD, and when has the sun oa 
deolinalion and the grmAvA dedinatioD I On vfaat will the declinalioa of 
the pUzMtadapaid t Wl^doeslhededinalioaof 1117 particular ctar not 
varyt How ia tlw polar diitence of tu^ boiTeiil; bod; fband t Whenia 
the pOBtim c^ anj bod; in the sphere of the beaTens detenmoed I 
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17. OsuauE AhgenbIon and DeecBM&iOH. Ascen- 
sional, OR Descenbionax. Difference. The oblique 
Asceosion of a heavenly body is that degree of the equi- 
noctial which rises with the body in an oblique sphere, 
and is reckoned from the first point of Aries eastward 
round the globe. . 

The Oblique Descensioa of a heavenly body is that 
degree of the equinoctial which sets with the body in an 
oblique sphere, and is also reckoned from the first point 
of Aries eastward round the globe. 

The Ascensional, or Descensional DilTerence is the dif- 
ference between the right and oblique ascension ; or, it is 
the difference between the right and oblique descension ; 
the one difference from the property of the sphere and 
its circles being always equal to the other. 

This difference with respect to the ann, ta the time he rises 
before, and sets after, six o'clock in the summer ; or, it is the 
time he rises after, and sets before, ^z o'clock in the winter. 

18. Latitude and Longitude. The Latitude of a 
place is an arc of the terrestrial meridian intercepted 
between the place and the equator, and is either north 
or south, according as the place is north or south of the 
equator. Or, the latitude of a place is its distance in 
degrees from the equator, measured on the arc of a great 
eirc\B. 

The brass meridian of the terrestrial globe measures the lati- 
tude of any place. An arc of the celestial meridian, intercept- 
ed between the zenith of any place and the equinoctial, is equal 
to the latitude of that place, and is called the Astronomical 
Latitude.* The greatest latitude a place can have, is 90°. 

* llere is a email difference between the aab^momical latitude of k 
[daoe, and its dirtaoce in degrees from the equator, oa account of tbe ob- 

17. What 'a the oblique ascension of a tiodj-, and ftoia iriiBt point 
reckoned I What is the oblique deecenirion of a bodf . and from irhat 
point reckoned 1 What is the aaoenaional or deacenaional difference t 
What does thie difference determine 'with reapect to the sun f 

IB. What ia tlie latitude of a place, and how measured on the tone*- 
Ixial globe 1 
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The Diflbreoce of Latitude between two places is an 
arc of a meridian, contained between the parallels of 
latitnde of the two places, and cannot exceed 180°. 

The Longitude oi a place is an arc of the equator inter- 
cepted between an assumed meridian and the meridian <^ 
the place, and is either east or west, according as the iatttr 
meridian ia to the east or west of the former meridian. 
The greatest longitude a [dace can have, is 180°, or half 
way round the globe from the first, or assumed meridian. 

The DifFerence of Longitude between two places is 
an arc of the equator, iatercepted between the meridians 
of the two places, and cannot exceed 180", 

The latitude and longitude of a place, being analogous to 
the right ascenuon and declination of a hearenly body, desig- 
nate its HtuatioD on the surface of the earth. 

The Latitude of a heavenly body is an arc of the circle 
of latitude, intercepted between the body and the ecliptic, 
and is either north or south, according as the body is 
north or south of the ecliptic. Or, it is the distance of 
the body in degrees from the ecliptic. 

The quadrant of altitude is used in measuring the latitude at 
the stars on the celestial globe. The sun being always in the 
ecliptic, has no latitude. 

The liongitude of a heavenly body is an arc of the 
ecliptic, intercepted between the first point of Aries or 
the vernal equinox, reckoning eastward, and the circle of 
latitude passing through the centre of the body. The 
longitude of the sun is nis place in the ecliptic. 

Istenan of tlie earth. TIub difference is called the RedudaoD of Latitude ; 
and when applied to the aatronomical latitndis the reaolt ii oalled ths 
Beduced I^tude. 



Wluttii the difference of latitude between two ploeea t Wlwt b the 
loi^[iti]de of a place, aod the difference of longitude between two places t 
What du the latitude and longitude of a place designal« with regard to 
U I What is the latitnde of a heavenl<^ body, and whj has the nm DO 
latitDde I What w the longitude of a hcaTenlj body, and particularly 
withraganltotbanmt 
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Ae latitude and l<»Kitnde of a heavenlr body being dednc- 
«d from the obswved tight ascension and declinadaa, also d»- 
termine its place in the sphere of the heavens. 

The Geocentric latitudes and lon^tudes of the planets, 
are their latitudes and longitudes as seen from the centre 
of the earth. 

The Heliocentric latitudes and longitudes of the planets, 
are their latitudes and longitudes as seen from the centre 
of the sun. 

19, Altitude amd Azimuth. The Altitude of any 
heavenly body, is an arc of the vertical circle, contained 
between the centre of the body and the horizon. When 
the body is on the meridian, its altitude is called the Me- 
ridian Altitude. 

The Zenith Distance of any heavenly body, is the com- 
plement of the altitude, or the distance of the body from 
the zenith. 

When a star or planet comes to the meridian of any place, 
it is eeid to Colnuiiat« ; its altitude at that place being then 
the greatest. The time at which the moon comes to the meri- 
£an of any place, is called the Moon's Southing. 

The Azimuth of any heavenly body, is an arc of the 
horizon, intercepted between the vertical circle pasains 
through the centre of the body, and the north or south 
point of the horizon. 

The altitude and azimuth of a heavenly body determine ita 
position in the vmble hemitphere of the heavens. 

♦Almacanters, or Parallels of Altitude, are imaginary 
small circles parallel to the horizon. 

Whftt do latitude uiil longitade determine with regard to a hearenly 
bodj 1 What are ttie geocenbic and heliccentria lalitndea and Icngitudea 
of the plaoetet 

19. Wbat IB the altitude of a lieftTenij bodj 1 WhatitszeoitlK&ttiiieel 
When ia a slai or planet said to culminatal What is aziniuth ( What 
do altitude sod atimalh detenniiiet What aie almacanteiB, and how 
>dl 
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If the upper end c^ the qoadrant oi altttnde be screwed 
orer the senith of the plaee, and its lower end mored roand 
tiie horizon, it vill descnhe these ureles. 

The Angle of Position between two places on the earth, 
is an anele formed at one of the places b; the terres- 
trial ment^an of that place and a great circle passing 
through the other; and is therefore measured by an arc 
of the horizon of the first place. 

The angle of portion U similar to aamnth, irhich may be 
considered the angle of position between the zenith of the place 
of observation and the heavenly body. 

30. Amplitude. The Amplitude of any heavenly body 
is an arc of the horizon intercepted between the centre 
of the body when rising or setting, and the east or west 
point of the horizon. 

At the time of the eqainoies, namely, on the 20t}iof March 
and the 23d of September, the sun rises in the east p^t and 
sets in the west pomt. During om* sammer, the sun riaes and 
sets north of these pmnts ; and during our winter, he rises and 
sets south of the same points. At the tjme of the solstices, 
namely, on the 21st of June and 21st of December, the rising 
and setting amplitude will be the greatest possible. The am- 
plitude of the sun at any place on the equator will always be 
equal to his declination, b^ause in this position of the sphere, 
the arc of the horiBon, which measures the amplitude, will 
ccnncide with the arc of the meridian, which meaawes the de- 
clination. 

21. Planets and their Satellites. The Planets are 
opaque bodies like our earth, moving round the sun, and 
shining by the refiection of his light. They are dis- 
tinguished into primary and secondary. 



Desoibe llieie ejrclm I What is the at^le of poaitjoii between two 
|daceti on the earth, and to what ib it iimilar t 

20. '%hAt is (lie amplitude of any heavenly body t Wliea has tiie sua 
no ampUtode, and when the greatest I Where u the bud's amplitude 
mlwafB equal to his decliuatioa I 

SI. What ara the plaiMti,ai)d how diatinpndwdt 
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DEFINITIONS. 



The Primary Fl&nets move round the aun as their 
centre of motion. There are sevenleen primary planets 
knowD, namely, e^t lai^e planets, and nine small ones, 
called asteroids. The^large planets are. Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, Uranus, and Neptune ; 
and the asteroids are, Vesta, Juno, Ceres, Pallas, Astnea, 
Hebe, Flora, Iris, and Metis. 

The Secondary Planets, Satellites, or Moons, move 
round the primary planets as their centre of motion. 
There are eighteen secondary planets or satellites known. 
The Earth has one, Jupiter lour, Saturn seven, and Urft- 
nus six. 

The Discs of the sun, moon, and planets, are their ajv 
parently flat and circular phases. The twelfth part of 
the sun or moon's apparent diameter or disc, is called a 
Digit. 

22. Orbits and Nodes. The Orbit of a primary {Janet, 
is that ima^nary path, which it describes round the sun ; 
and the orbit of a secondary planet is the path, which it 
describes round its primary. 

The Nodes are the two opposite points in the ecliptic, 
where the orbit of a planet appears to intersect it. That 
node from which the planet ascends northward from the 
ecliptic, is called the ascending node ; and the other from 
which the planet descends southward, is called the descend- 
ing node. 

23. Aspect of the Sun, Stars, and Planets, The 
Aspect of the sun, stars and planets, is their situation with 
respect to each other. There are three principal aspects, 
namely, conjunction, opposition, and quadrature. 



Desnibe Uie primarf planets, Bud give their namea. Hoir manj aatd- 
lites are knovn, and to what primary planets do \hej belong ( WWare 
tlie ifiicaof tlie sun, moon, sad planets t What ia (he twelfth part of the 
«QD or oiood'b apparent diameter called ( 

ii. Describe the m-biU both of the primBTf and aecondai; planeta 
What are nodes : also the ascending and descending nodes 1 

2S. What is the aspect of the sun, stars, and planets t What are the 
tiiree prindpal aspecla I 
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A odectial body ia in CoDjuncdon with another when it 
is in the same point of the heavens with that body, or 
when its lon^tude is the same. When the heavenly body 
is between the earth and the sun, it is in inferior con- 
iunctioQ ; and when the sun ia between the earth and the 
Do^, in superior conjunction. 

Two celestial bodies are in Opposition when they are 
in opposite points of the heavens, or when their longitudes 
differ 160°. 

When the longitudes of two heavenly bodies ditler 90° 
or 270°, that is, when they are three signs, or the fourth 
rort of a circle fircKn each other, they are said to be in 
Quadrature. 

The Elongation of a planet is the Angle formed at the 
earth by two imaginary lines ; the one supposed to be 
drawn to the sun, and the other to the planet. 

24. Poetical Rising and Setting op the Stars. 
The ancient poets took notice of the rising and setting of 
the stars in reference to the rising and settmg of the sun. 

When a star rose at sun-setting, or set with the sun, it 
was said to rise and set Achronically. 

When a star rose with the sun, or set when the sun 
rose, it was said to rise and set Cosmically. 

When a star first became visible in the morning, after 
having been so near the sun as to be hid by the s^endor 
of his rays, or when it first became invisible in the eve- 
ning, on account of its nearness to the sun, it was said to 
rise and set Heliacally. 

25. Diurnal and Nocturnal Arcs op tee Heavenly 
Bodies. The Diurnal Arc of a heavenly body, is that 
apparent arc which it describes in the heavens, from its 
rising to its setting. 



DesdilM Qie three principal Bspecta. Whatiatlieelw^tianofapUDet! 

H. What notice did tbe anaent poets take of the ridiig and aetUng of 
the stara I Describe tlie achrooical rising and setting of the ators, coami- 
eal and heliacaL 

iS. Deacribe the dinnwl arc of a iieavenl; bodf . 
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The Noctnm&l Arc of a heavenly body is the arc 
which it describes from its setting to its rising. 

In reference to the sun, the diurnal arc is described during 
the day, and the nocturnal arc during the night. The celestial 
meridian bisects these arcs ; hence, when the sun's centre come* 
to the superior meridian (9) it is apptu^nt noon or Mid-day 
and when it comes to the inferior meridian, it is mid-night. 

26. Appabent Solak, and Mean Solar Time. The 
Apparent Solar Day is the time which eiapses between 
two consecutive transits of the sun's centre over the same 
meridian. It is evident that the sun, on account of his 
irregular motion in longitude and ^e obliquity of the 
ecliptic, will come to the meridian at some seasons before, 
and at others after, a supposed sun comes to it moving 
in the equinoctial regularly, and according to the sun s 
mean motion in longitude. Hence a mean between the 
lengths of all the solar days of the year, is called a Mean 
Solar Day, and is of uniform duration, being 24 hours 
long. 

The Equation of Time is the difference between appa- 
rent and mean solar time, or between apparent and mean 
noon. 

On the 15th April, 15th June, lat September, and 24th 
December, the equation of time is zero. It is greatest about 
11th February, and 1st November, when the apparent noon at 
the former date is 14|^ minutes slower than mean noon, or t2 
o'clock shown by a clock regulated to keep mean solar time, 
and at the latter date the apparent noon is 16^ minutes faster 
than mean noon. 

An Astronomical Day consists of 34 hours, and is 

Describe (lie noetunud «rc of a henTenlj bodf. In reference to the 
iOQ irba,t are these area, and t^ vhat bisected I Wli^ is it mid-day and 
mid-night when the sun comes respectiTely to tie guperior and inferior 
meridian ( 

S6. What is the apparent solar and mean solar da; t What is tlie 
equation of time, and on what fbor daja of the jear ib it zero 1 On irhat 
two dajn is it ^eatest t What is its amount on these dajs ) Wbat is an 
aMnowoieal day I 
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reckoned from noon of the common day, the hours being 
numbered to 24. 

The Civil, or Natural Day consists of 24 hoars, but 
begins differently in different nations. In- most of the 
European nations, and in America, the civil day begins 
at raid-ni^ht. 

An Artificial Day is the time which elapses between 
the sun's rising and setting, and varies in different lati- 
tudes. 

A Solar, or Tropical Year is the time which elapses 
between two consecutive returns of the sun to the vernal 
equinos, and consists of 365d. 5h. 48m. 489. of mean solar 
time. This is the true natural year, because it preserves 
the same seasons in the same months. 

37. SiDEBiAt. Time. A Siderial Day is the time 
which elapses between two consecutive transits of any 
fixed star over the same meridian. Or it is the period in 
which the earth makes one complete rotation on its 
axis, and consists of 23h. 56m. 49. of mean solar time, 
being 3m. 56s. less than 34 hours, the mean solar day. 
This difference arises from the sun's mean motion in lon- 
gitude. 

The eiderial day is the most aniform of all astronomical pe- 
riods, having undergone, according to the computaUons of La 
Place, no change for 2000 years post, and ia therefore an ea- 
Benljal measure in all astronomical observations. 

A Siderial Year is the time which elapses during the 
sun's apparent motion in the ecliptic fi-om any fixed star, 
till he returns to the same star again, and consists of 365d. 
Sh. 9m. lis., being 30m. 23s. longer than the tropical 



"What is a dvil or natural day I An artificial dajt Wh&t ie a eolar 
or tropical jeai, and why called the true natural year t 

27. What U a uderial day, and to what period is it equal ) Hoir much 
lesB ia the ^derial day (ban the mean solar day t What is the most uni- 
form 3r all astrrawnucal periods t What is a siderial year I How long 
ia a ^derial year t How much longer ia a eiderial year than a tropical 
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ve&r ; hence, the sun returns to the equinox every year, 
Defore he returns to the same point in the heavens ; and 
coniiequently, the equinoctial points have a slow motion 
from east to west, called the Precession of the Equi- 
noxes. 

38. ZoNBB AND Climates. A Zone is a portion of the 
stuface of the earth, bounded by two small circles parallel 
to the equator. There are five zones, namely, one torrid, 
two temperate, and two Irigid zones. 

The Torrid Zone extends from the tropic of Cancer 
to the tropic of Capricorn, being 46° 56' broad. 

The two Temperate Zones are each 43° 4' broad. The 
north temperate zone extends from the tropic of Cancer 
to the arctic circle ; and the south temperate zone, from 
the tropic of Capricorn to the antarctic circle. 

The two Frigid Zones are those portions of the earth's 
surface bounds by the polar circles. The north pole, 
which is 23° 26' from the arctic circle, is situated in the 
centre of the north frigid zone ; and the south pole, 
which is 23° 28' from the antarctic circle, is situatM in 
the centre of the south frigid zone. 

Climate is a small portion of the surface of the earth 
bounded by two smaJl circles parallel to the equator, and 
is of such a breadth, that the length of the longest day 
in the parallel nearest the pole, exceeds the length of the 
longest day in the parallel next the equator by half an 
hour in the torrid and temperate zones, and by one month 
in the frigid zones. Hence, since the length of the longest 
day at uie polar circles is 24 hours, and at the poles 
6 months, there are 24 climates between the equator and 
each polar circle, and 6 between each polar circle and 
its pole. 



Wlut ia Ott ooDMqoatae ot Hm diRbreuM on the egnmodhil pmnta, 
and what called I 

SS. Wh«t ia & tone, and bow manj aia tliere I DeHcribe the tonid 
' scoe. The two temperate aonea. llie two frigid Kxiea. What ii dinutt^ 
and bow manj are theret 
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S9. Idbabitantb or thb Babth ficuliaklx bituatkd 
WITH SESPECT TO BACH oTHEH. AnttBci are those people 
who live under the same meridian, and- in the simie de- 
grees of latitude, but the one north and the other south 
mtitude. They have contrary seasons of the year. 

Fericeci are those who live in the same parallel of lati- 
tude, but in opposite longitudes. They have the same 
seasons of the year, but, when it is noon with the one, 
it is midnight with the other. 

Antipodes are those inhabitants who walk feet to feet, 
or diametrically opposite to each other. Their latitudes, 
bngitudes, seasons of the year, and hours of the day, are 
all contrary to each other. 



CHAPTER n. 



30. Astronomy. Astronomy is that science which 
treats of the motions, positions, connexions, periods, dis- 
tances, phenomena, and magnitudes of the heavenly bo- 
dies. It is usually divided into Descriptive, Physical, 
and Practical Astronomy. 

Descriptive Astronomy comprises an account of the 
motions, positions, appearances, &c. of the heavenly bo- 
dies ; Physical Astronomy applies the principles of Me- 
chanics in the investigations of the causes of their motions ; 
and Practical Astronomy is that branch of the science 
which treats of the description and use of astronomical 
instruments, the method oi determining the distances and 

SS. Wbat iobabitMite of UieeuUi are called Antocil Wl»t,PaHMit 
Vliat, Antipodea ! 

80. WliKt U aatnmcmj, and liov osuaUy diTided I What doea deaerip 
tiT« aatrmoii^ pomprise 1 What ia phpica] aitiMioiiif 1 Of irhat doea 
praetieal asteooota; tniat t 
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InE^^itudes of the heavenly bodies, and their position in 
spa^. 

31. PrTBAeoxBAN Ststeh. The real motions and 
positions of the sun, moon, and planets, were the subjects 
<tf conjecture and dispute among astronomers of former 
and ancient times. The wise Samian philosopher, Fy< 
th^orae — who flourished more than 500 years before 
Christ — taught that the sun was the centre, round which 
the planets that were then known, revolved in the foU 
lowing order : — Mercury, Venus, the Earth, Mars, Jupi- 
ter, and Saturn. This system — afterwards demonstrated 
to be true, but being contrary t« the prejudices of sense 
and opinion — was in later times lost, and succeeded by 
another, taught by Ptolemy. 

32. Ftolehean Ststeu. Ptolemy, an Egyptian phi- 
losopher, who flourished in the beginning of the second 
century of the Christian era, supposed the earth to be 
fixed, and the sun, moon, and planets to revolve round it 

In order to account for the direct and retrogade motjona and 
statjonaiy appearance of a planet, Ptolemy supposed it to re- 
volve in an epicyclcud, vbich b a cnrre generated by the revo- 
ludon of the periph^ of a circle about the convex or concave 
side of the periphery of another circle. This system prevailed 
until near the middle of the sixteenth century. 

33. CoPBBNiCAN Ststbh. At length, the famous Polish 
philosopher, Nicola us Copernicus, who was bom at Thorn, 
in 1473, restored the Pythagorean system, and published 
his views on that interesting subject in 1530 ; but, the 
learning of the times, and the false notions that then pre- 
vailed, were by no means favorable to the reception and- 
propagation of a philosophy so sublime and refined. 

SI. Deacribe the PjrUugOTean rjitetn. How eaAj iru thii ifitem 
taog^ and l^ wbomt Waa this ayatem in later timea lost I 

>S. Vhkt did iMemj aappoae I How did he endeaTOT to Maomit tar 
the direct and rebtigrade motions, and statioDaiy appearance of a pUnetl 
How long did thia ayatem prerail 1 

SB. Who reatOTod llie Fjthagorean «y¥tem I Whan did Oopanuen* 
publiih bis viewB on Ibia anttject I 
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38 ABTEOHOHT. 

The Copernican system, — so caQed on account of iu 
celebrated author, for such he may be considered, — re- 
gards the sun aa its centre, with all the planets revolving 
round him from west to east, in elliptical orbits, at different 
distances and in different periods of time. Those planets 
which are near the sun, move faster in their orbits, and 
perform their circuits sooner, than those more remote. 
The truth of this system has been confirmed by the astro- 
nomical observations of the most celebrated philosophers 
that have lived since the time of Copernicus, as, Kepler, 
Galileo, Descartes, Gassendus, Newton, and La Place. 
No astronomical phenomenon, inconsistent with it, is 
known to exist Astronomers therefore adopt it as the 
true system. 

34. TrcHONic Stbtbm, Tycho Brahe, a Dane, and 
eminent philosopher, endeavored to support another sys- 
tem ; and, towards the close of the sixteenth century, 
made known to the literary world an hypothesis of his 
own. In this system the earth is made the centre, and 
the sun and moon to revolve round it every 24 hours ; 
the planets Mercury, Venus, Mars, &c. to revolve round 
the sun. 

Some of Tycho's disciples maintained, that the diurnal mo* 
tion of the heavenly bodies arose from the rotiltion of the earth 
on its axis ; and that the sun, with all the above planets re- 
volving roimd him, moved round the earth in a year. This 
hypothesis, partly true and partly false, gave place to the only 
true system taught so early by Pythagoras, and his disciple 
Philolaus, and, ^ter the lapse of moro than 2000 years, re- 
stored by CoperaicoB. 

35. Solar SrsTEH. The sun and all the bodies con- 
nected with him, — as the planets with their satellites, and 
comets, — coOstitute the solar system. 

Why called the CopemicaiiajBtem I Give a particular deaorqitiom of it, 
Bj whiBD conAimed I 

84. Whit BfBtem did Tycho Brahe endeavOT to nippiwt I Wfcat imm 
the Tiem of some of Tjcho'i discijdes t 

se. Wliat bodiee «xutitul« the tolar t^tetn I 
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36. Flanetb, and theik Order. The planets — incla- 
ding the earth, and those discovered since the time of 
Copernicus — with their satellites, move round the sun 
ia the following order with regard to their distances from 
him: Mercuiy, Venua, the Earth, Mars, the Asteroids 
(or the following nine small planets, namely, Vesta„Juno, 
Ceres, Pallas, Aatrasa, Hebe, Flora, Iris, and Metis,) Jupi- 
ter, Saturn, Uranus, and Neptune. Mercury and Venus 
are called inferior, or rather, interior planets, because 
their orbits are within the orbit of the earth ; the others 
are called superior or exterior planets. 



CHAPTER III. 

XEFLEe's LAWa, AND THE THEORY O? ORAVITATION. 

37. Kepler's Laws. John Kepler, a celebrated Ger- 
man astronomer, about the beginning of the seventeenth 
century, made the following very important discoveries : 

1. That the orbit of the earth, or any planet, is an el- 
lipse, of which the sun is placed in one of the foci. 

2. That the straight line, called the Radius Vector, 
which joins the centre of the sun and the centre of the 
earth or j^anet at any time, describes areas proportional 
to the times. 

3. That the squares of the periodic times of the earth 
and planets, are proportional to the cubes of their mean 
distances from the sun, or to the cubes of the semi-major 
axes of their orbits. These laws of the earth, and planets 



8S. Describe tbe motion of the platieti, and their order. What an 
Mercm^ md V«ntiB called, and vtij I Wlut, the others t 

87. Who Kas Jaba Eepler, and -when did he mike eoma important 
diaoovoUa in ralstioo to the motiooa ot the earth and planets I B«p«at 
UaSratlav. llieteiMiid. The thud. 
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in their motions, have therefore been denominated Kep- 
ler's Laws. 

Other utronomera since Kepler's time have not only verified 
these lawB of the planetaiy motions, bat have found that the 
iatellites, in th^r revolntions round their primaries (21) are 
Bubject to the same laws. 

The orbits of maay of the comets are so very eccentric, as 
not to differ sensibly, in that part of their viuble orbits, from 
Parabolas. Some are said to describe Hyperbolas in their 
oonree. These three figures, nam^, the ellipse, the parabola, 
and the hyperbola, are called the lliree Conic Seclitms. 

Let ABC represent a 
right cone, having for its 
base the circle A D B E; 
and let it be cut by the plane 
abed obliquely to the base, 
and passing through the op- 
posite slant sides of the cone 
A C, B C ; then the curve 
abed, which is formed by 
the intersection of thb plane 
and the surface of the cone, 
is called an Ellipse. 

Again ; let the cone be cut 
bv the plane E G D, perpen- 
dicnlar to the plane ABC, 
and parallel to the slant side 
A C ; then the curve formed 
by this plane and the surface 
of the cone, is called a Pa- 
rabola. But, if the plane i 
H I E, as before, perpen- 
dicular to the plane ABC, 
ent the cone, so as to meet ^ 

the slant side AC, producedinthedirectionC,inL; then the 
section I H K is called an Hyperbola. 




What have other artnnomer* «nee KepWi time, done I What is 
wd of the artsU of tuny of the oooiets t Dnw tho fliagtain, and <!•■ 
wiibe the ourvn called the l^Ma Ctaoie Seetiaaa. 
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88, Kepler's First Law, Kepler first discovered 
that the orbit of Mars was an ellipse; and, ai^er pursuing 
his investigations, arrived at the same conclusion with 
regard to the orbits of the earth and the other planets. 

Let E A E' B represent the earth's orbit, and 8 the sun. 
From a series of observations made throughoat the year, it has 
been found, that when the sun's apparent diameters were the 
least and the greatest, his 
longitudes at these Umes dif- 
fered 180"; hence the two 
lines j oining these longitudes 
and the sun, will be one 
Btruffht line as B 8 E" ; and 
the distances E 8 and K' S 
will be inversely propor- 
tional to the sun's appa- 
rent diameters, when viewed 
from the points E and E' of the earth's orbit ; because the 
different distances at wbich any object is viewed, are inversely 
proportional to its apparent dimensions at these distances. 

Let d ^ sun's greatest apparent diameter. 
" (f = " least do. do. 

" tt = " apparent diameter at any intermediate pomt, 
as £". 

Now, from a series of intermediate apparent diameters and 
corresponding longitudes, it has always been found that — 

2 2 

the angle E" 8 E" being equal to the difference of the sun's 
longitudes at E'-andK", or any intermediate point between 
'E and E. From this equation the property of the curve 
£* E" E may be deduced, which will be found the saHoe as 
that of an ellipse. 

Bisect E E^ in C, and through C draw A B perpendicular 
to E E", and take C F equal C S. Now, from the relation 



3B. WIutdidEeplfflfinttUBOtiTert After punoing liu inveatigktUM, 
at what oondonon did he arrive t Dnw the Diagntm, ind ezplaia en 
what imndple the ^rupt^ Ol the elliptic carve maj b* dednoed. 
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between the sun's distanees and his apparent diameteFs, we 

E' S : E 8 : : d : a, 

and E'S:E'S±ES::rf:d±(r; 

EC_, 





E 


• 2 E'S ' 


md BS 


S C 


J d-i SO 


AJio E-8 


E 8 


::d:^ = U^. 



By snbstjtnting these values in the equation — 

d" = — r corin E* S E", and dividing by d. 

we have-— 

E^__EC _ 

E S E 8 E 8 
andE8xE8 = (EC— 8 C>x(E + S 0) (for 
EC = EC) = EC' — 8(7' = 
E"S (E — 8 C coain ES E'); hence, 

p ns a pa 

E"8 — p^on XvoTiv, This U the polar 

EC — 8 co«in E 8 E'. '^ 

equation of an ellipse, having the pole at S. 

The line E E' is called the major, and A B the minor axis 
of the ellipse. These lines are ^so called the tiansrerae and 
conjugate axes. C is the centre, and the points 8 and F are 
the two foci. The line 8 E", which joins the snn and the earth 
or planet in any part of its orbit, is called the radius vector. 
The distance C 3 or C F, between the centre and dther focus, 
. is called the eccentricity of the ellipse or orbit, and is generally 
exprbssed in parts of the semi-transverse axis regarded as a 
unit. 

That point of a planet's orbit aa E, which is nearest to the 
sun, ia called the Perihelion ; and that point which is most 
distant, as E*, is called the Aphelion. The corresponding 

What tre Oto m^or and minor ues t Wluit also called t Describe 
the twofbd and t^HHliiu vector. Wltatislbaeocentridtf of IheellipM, 
and in parts irf what, regarded as a unit, ezpreaeed I Wliat pcrinti of a 
planet's orbit are called the periheliaD and i^lielim t - 
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pointe of th« moon's orbit, or the apparent orbit of the sun, 
are called Perigee and Apogee. These points are also called 
Apsides, — the one oearest to tbe earth, the Lower Apsis, and 
the one farthest from it, tbe Higher Apsis. The line joining 
these is called the Line of the Apsides. 

39. Kbpleh's Second Law. The sun's apparent mo- 
tion in longitude, or the earth's real motion in its orbit, 
varies at different times of the year. Thus when the 
sun's apparent diameter is the least, which is about the 
1st of July, and consequently, the earth is then in the 
aphelion at E, the sun s daily apparent motion in longi- 
tude or angular velocity, will also be the least, namely, 
67' 11" in a mean solar day. But when the sun's appa- 
rent diameter is the greatest, which is about liie 1st ot 
January, the earth bemg then in the perihelion at E', the 
daily motion in longitude will also be the greatest, namely, 
61' 10". It is also found that the daily motions of the 
sun in longitude throughout the year are proportional to 
the squares of the corresponding apparent diameters ; but 
the apparent diameters are inversely proportional to the 
radii vectores ; therefore the sun's apparent daily motions, 
or the earth's real motions, are inversely proportional to 
the squares of the radii vectores or distances. 

Suppose the earth to pass over the portion a 6 of its orbit 
in some small period of time. Take e, the middle point of a b, 
and with 8 as a centre, and the radius vector S e as a radius, 
describe the arc c d, and with 8 D eduat tbe mean distance 
or unity, describe the arc f g. It is evident that a b may be 
BO smiul, that the elliptical sector S a i will not sensibly differ 
from the circular sector Serf. Put the distance of the earth 
at e, or the radius vector >~ r, and the angle a S & measured 
by / g, the angular velocity for the short period of time im v. 
Now, because the circular sectors S f g and Bed are similar. 

What are tbe cmreapoDdiug ptnnts in tbe moon's cslai, or Uie apparent 
orbit of lbs sun, called I What aleo called t 

S9. Wben has tbe eun the least apparent diametsr, and vhtn tbe great- 
eat t What JH the nin'i apparent dail; molioo in Icogitude, or angular . 
Telocity, at these times I To what are tbe daily mattoDs of iba sun 
tbion^ioiit the year pn^tortkiaat I And to what invefssly propo Hi oaslI 
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we have leetor S / y : net. 8 e rf : : 8 /«; S (S», or 8 / y ; 
S e d : : 1 : t^, 8 /, being — 1 ; hence Bed — 8fgXt» 
batS/ff — i/ffXSf-^i V ; therefore 8 e nf or the eUif 

tioal sector 8 a £ = ^ v A 

Ag^, if we suppose the J.;-"' "^'^' r 

ewth to pass over another ^ " 

portion of its orbit rf 6' in 

the same small period of 

time, and caUing r' and v* 

the ladins vector and ao- 

gnlar velodty, we shall 

also h&ve the elliptical 

sector 8 a" 6' — * )/ f'*. 

Bat « ; «/ :: r'S : r"; 

hence » »« _ i/ r**, or j w t« — ^ tf »■«; therefore Bah — 

B t^ tf ; Uiat is, the radius vector describes equal areas in equal 

times, and consequently areas proportional to the times, whioh 

is Kepler's second law; 

40. KEPLBa'a Thikd Law. Kepler obtained his third 
law by comparing the periodic times of the planets and 
their mean distances from the sun. From these compari- 
sons he found that the squares of the periodic times are 
proportional to the cubes of their mean distances, or to 
the cubes of the semi-maior axes of their elliptic orbits. 
This law prevails among the satellites of each secondary 
system, namely, that the squares of the times of their 
revolutions round the primary, are proportional to the 
cubes of their mean distances from that body regarded 
as dteir centre of motion. 

- 41. Attkaction op Gravitation. That force by 
which bodies near the surface of the earth are incessantly 
impelled towards its centre, is called Gravity, or the At- 
traction of Gravitation. This attractive force is mutua' 

Dt»w the Diigram, ■ndpMTe tliat tha ndini Tector desmibMHew 
pn^xirtiooal to the times. 

40. Bow did Kepla obtain hia third law t What did he find bom 
tb«M comparisotul Do«a thia Uw prevail amoDg the uiteUilaa of auk 
ieooodarj ■ jBtem t 
-41. WhaliigTSTitj, or the attnction of gravitation 1 
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FOKCX or ATTIAOTIOK. 48 

among the particles of matter, and belongs to all bodies 
in the universe ; therefore it is called the principle of 
Universal Gravitation. 

The planets are retained in their orbits by the attrac- 
tive force of the sun, which is called the Solar Attrac- 
tion ; and the planets are endued with the same power 
in attracting the sun and each other. The satellites are 
also retained in their orbits by the attractive force of their 
respective primaries. 

To apply the laws of nnivergal graTitation, aa established by 
the prinuples of Uechanics, ia the inveBtigatioD of the motiona 
of the hearenly bodies, ie an extensive and di£Qcult science. 
This branch of our subject, called Physical Astronomy, will be 
found discussed at length in La Place's ifecimique Oeltite and 
other similar works. The foUowiiig elementary propositions 
aie all that can be here introduced. 

42. The Force of Attbactidn varies directlt as 
TBB Mass. From the motions produced by the action 
of the sun and planets upon each other, it is found that 
the force of attraction in these bodies, is directly propor- 
tional, at the same distance, to their respective masses. 
It is also known, that the force uf attraction in several 
bodies, at the same distance, for another body, is propor- 
tional to the mass of those bodies. Hence the force of 
attraction of one body for another, varies as the number 
of similar attracting particles, or mass, of that body. 

43. The Force op Attraction varies inversely as 
THE Square op the Distance. From the principle here 
laid down, Kepler's laws respecting the planetary mo- 
tions and periMs can be established. But by assuming 

Why called tlie priaciple of nnirerml graviUtirai I By vlmt force are 
the plonete retained in tlieir crbite ) Do the pUnetB attract the mn and 
each otbei t B j what Ibrra are the satellitec retuned in their orbita I 
What ia sMd of the a^iphcation of these laws in the iuieettgatira of the 
ttotims of the beaverj; bodie» t 

42. TowhatialhelbrceofattntctioD of the sun and planets, at tlie buds 
4i*tance, proptvtlonal) 

43. How doee the force of attnctian of the same body at different di*- 
tance* -rtij I How can this priodple be ettabUtbed t 
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this princii^e not to be true, a result woold be obtained 
contrary to these laws, which have been confirmed by 
actual observations ; therefore it follows that the propo- 
sition must be true. 

The theory of gravitation as stated in the last and present 
articles, namely, that the Jbrce ef attraetitm varies dirfclly a$ 
the nuu», and inveruly at the tqitare of the diilanee, was first 
promul^ted by Sir Isaac Newton ; and hence it is sometimes 
called. The Newtonian Theory of Gravitation. 

44. Centripetal and Fsojectile Forces. That force 
continually impelling a body towards the sun, or centre 
around which it revolves, is scunetimes called the Cen- 
tripetal Force ; and that force which causes it to recede 
from that centre, is called the Centrifugal, or Projectile 
Force. 

The nature of the orbit will depend on the intentity of the 
projectile force. Thus a certain intensity of force will produce 
a parabola ; a less intensity, an elUpse or circle ; and a greater, 
an hyperbola.* 

45. QuANTiTiBB OF Matter i» the Sctn and Plan- 
ets, OR their Relative Mabseh. 

Let 8 represent the sun, and E E' 
that portion of the earth's orbit, re- 
garded as circular, described m one 
second of time. Draw £ A tangent 
to the orbit at £, and from E' draw , 
E' A and E B respectively perpen- 
dicnlar to E A and E S. Also draw 
the chord E E' and S C perpendicu- 
lar to it at the middle point C 

According to the first law of mo- 
tion, if the projectile force acted alone, 
the earth would be carried from E 
to A in one second of time ; bat the 
earth is at £" ; therefore A E', or its equal E B, is the distance 

* NwfciD'i Aatnnumj, Article 6S4. 




44. Deacaibe the centripetal and projectile tbraeB. On whst viL' the 
iMtitre i4tba orbit depend ) 
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KZLATIVE HABSEH OF THE FLANETB. 45 

ibe earth has been drawn in one Becond of time by the attiBo- 
&Ye force of the son at S. And as the distance throngh which 
a body moves in a ^vea time is proportional to the foroe br 
which it is impelled, the Tereed eine K B of the arc E £* wiU 
measure the attractive force by which the earth is drawn to- 
wards the son. 
Put D •— E S the mean distance of the earth from the aun; 

F ^ E B the attractive force of the son ; 

P — ° the earth's periodic tune in seconds ; 

1 i_ the mass of the san ; 

m — the mass of the earth ; 

«r —1 the ratio of the diameter to the dnximfereoce of 
the circle ; 

hence — = — '» the arc E E', which does not sensibly differ 

from the chord E K. 

In the similar triangles S C B and E E' B, we have— 
SE:CE:: EE':EB, and SSE:2CE:: EE':EB, 
SD' 3D»r„ 2D"' 

By putting / — the attractive force by which the moon is 
drawn towards the earth, d = the. mean distance of the moon, 
and p "^ the moon's siderial revolution in seconds ; we will 

2 d ^ 
find in like maimer / i^ — '■ — s — Now, smce these forces F 

^. 
and / are to each other directly as the masses of the sun and 
earth, and inversely as the squares of the distances of the earth 
from the sun, and of the moon &om the earth (42, 43), we 
have^ 

F:/ :; d»xl : D»Xm, 

or^^:--^-::rf»:mD«- ^x -^I hence. 

*"— ^ ^ j)3 ~° Kb ) ^ \ p /• 

Which formula, by substitution, will give the earth's relative 
mass, that of the sun bdug — 1. This formula will also serve 
for compntdng the masa of any of the planets that have satel- 



. 4S. Ikvw the diagnm, ud (bow how the relative tr 
■nd plaMta that bavs Mrtellitti, ar* detcrmiiMd. 
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40 ABTSOaoMT. 

litea, by uung the planet's distance, wid that of either of its 
satellites, m the firat factor; and the planet's period, and that 
of the satellite, in the other. 

The mass of a planet which has no satellites, and that of tb« 
mooD, can only be found from the obseired amount of pertor- 
baliona produced by their action, in the motjons of the other 
hearenly bodies. 

46. Densities of the Sun, Moon, and Planets. 
The densities of two bodies of equal masses are to each 
other inversely as their volumes or magnitudes ; and the 
densities of two bodies of equal volumes are to each other 
directly as their masses. Let M and m represent the 
masses of two bodies, and V and v their respective 
volumes. Then if their masses be equal, their densities 



their masses, their densities will be as -^ : . That 

is, the densities of bodies are proportional to their masses 
divided by their volumes. 



CHAPTER IV. 



47. Dip of the Horizon. Let E represent the place 
of the observer's eye, at the distance of e E above the 
earth's surface, and S any heaveiily body. Draw the 
tangents E H and e k, which will respectively represent 
the visible horizons (8) at E and e. Draw E H' paridlel 

How eu tliB muus of Hm pkoetH that have no ntellitM, snd that of 
the moon, be detenniited I 

46. Bow do the dentdties of two bodiee of equal masses vary 1 How 
do the densitieg of tiro bodiee of equal Tolomes vary t Prove that the 
itodtim of tvo bodiea are propcrtiMUd to theii maMM divided bj their 
Volumee. 
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DIP or THE HSBIZON. 47 

toe a, and e s parallel to G S, and join C the centre of 
the earth, and A the point of tangency of E H. When 
the body S is viewed froin 
E and e, the lines of vision 
E S and e s will be paral- 
lel, on account of the very , 
small elevation e E. com- '^ 
pared with the great dis- ' 
tance E S ; hence the angle 
S E H' is equal to the angle 
3 eh. Now the angle S E H 
is the observed altitude of 
S when viewed from E, and ' 
» c A is the altitude when viewed from e ; but we have 
SEH — HEH'= SEH' = sek; therefore we 
must subtract from the observed altitude the angle 
H E H', called the Dip or Depression of tiie Horizon, 
in order to obtain the apparent altitude. 

Because the sum of the angles C + C E A is equal to a 
right angle, and consequently equal to the right angle C E H' ; 
td^e from each C K A, and there remuns C = H £ IT. Put 
e E ■« A, and A or C e, the radios of the earth ^ r ; and 
wB have^ 

E A — v* (r 4- A)s ,5 — the distance to which a per. 

son can see on the earth at an elevation equal to h. The angle 
C, or the dip of the horizon, is found for various elevations by 
the following proportion : 

£ : C A : : Radius : co«in C, or 

r + h : r : : R. : coiin C, and the resulto entered 
in a table, called a Table of the Bip of the Horizon. 

48. AsTEONOMicAL Refkaction. It is an established 
fact in Optics, that a ray of li^t in passing obliquely 
out of a vacuum into a transparent medium, or out of a 



41. Dmir the diagram, and explain fQll7 what ia nndenCood by the 
dip^thebOTizML How ia the appturect altitude obtained t How is the 
dManoe cbtaioed to wMcb a person can see at a certain eleiatioml How 
b the dip of the horixan obtained bt vaiioin einatisiw I 
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48 ASTKONOMT. 

rarer into « denser medium, wiD become bent or refracted' 
towards a perpendicular at the incident ray. Now, since 
the earth is surrounded by an atmosphere which gradu- 
ally decreases in density, as the distance from the sur- 
face increases, the rays of light in proceeding from the 
heavenly bodies into the atmosphere, and thence {rom one 
stratum of atmosphere into another, will become gradu- 
ally reacted towards the radim drawn from the centre 
of the earth to the point of incidence. 

Thus let S a represent a ray passing from S and enter- 
ing the atmosphere at a ; instead of passing on in the 
straight course a e, and over the head of an observer 
at E, it will be refracted towards the perpendicular P C 
as it enters the difier- 
ent strata of the at- 
mosphere, in the bro- 
ken line a b c % to 
his eye. But since 
the number of strata 
is infinite, or which 
is the same thing, the , 
density of the atmos- 
jrfiere gradually in- j 
creases, by infinitely 
small degrees, from a 
to the surface, the 
number of deflections 
will be infinite, and 
the broken line abcE 
will become a curve 
concave towards the * 
earth's surface. The tangent E S' to the curve a 6 c E 
at E, will point out the direction in which the ray enters 
the eye at E, and represent the position of the heavenly 
body S more elevated as at S'. Draw E S parallel to 




18. When does ■ nj of light become refracted, imd towdi whsti 
Towardi -what irill ihe rajs of light be gradually refracted, in pftidng 
through tb«dilIbKnt«tMta«ftlM*tmoeph«n( Dntw th« diaglwn, and 
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e S, and the angle S E S' will be the increase in altitude 
produced by atmospherical refraction, called astronomical 
refraction, or simply refraction. Hence the refraction 
must be subtracted irom the observed altitude, and added 
to the observed zenith distance. 

49. Amount of Refraction. It is also according to 
an established principle in Optics, that the more obliquely 
a ray of light passes from a rarer into a denser medium, 
the greater is the refraction ; hence the refraction of the 
heavenly bodies is greatest when they are in the horizon, 
and decreases with the increase of altitude to the zenith. 

MatbeouticiBina, by persevering inrestigatioos, have obtained 
formulae by which the astronomical refraction may be found for 
diiferent altitudes from the boriaon to the zenilh. These for- 
mulae have been proved correct by the observatJODS of astro- 
nomers, except for altitudes vuider 10°. In such low altitudes 
the refraction is irregular and uncertaia. From these fdrmulse 
tables of refraction have been computed, adapted to the mean 
state of the Htmosphere, namely, nhen the barometer stands 
at 30 inches and the thermometer at 60°. These are called 
mean refractions. To these tables, columns are annexed, con- 
taining the corrections to be applied to the mean refractions, 
for the existing state of the atmosphere at the time of obser- 
vation. 

The amount of refraction in the horizon is about 34' ; 
at an altitude of 45°, it is about 58" ; and in the zenith 
it is zero, since the rays of light from that point enter 
and pass through the atmc^phere perpendicularly. 

50. Effects of Refraction. The stars and the 
centres of the sun and moon appear in the horizon by 



abov bow Qm altStnde of ■ heavenly bodj will be iDcrea«ed by atmo- 
qiherical refraction. 

49. What effect baa the obliquity of a ray. io pasaing from ■ rarer Into 
a deneer meiJium, on its refraction I Where is refraction the gfreateatl 
To what state of (he atmotiphere are tables of refnction adapted, and 
what are such rafractioDs called t What is the unoont of te&«e(ion in 
A* kotiMa ) At an altitude of 4E° I In the loiilh t 
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the efiects of refrBCtion, when they are really 84' below 
it ; hence the refraction accelerates the rising of the 
heavenly bodies, and retards their setting. Having this 
efiect in rendering the sun longer visible, the length of 
the day will thereby be increased. Since the apparent 
diameter of the sun or moon is something less than 34', 
the horizontal reiraction, it follows that the discs of these 
bodies (21,) about the time of rising or setting, may be 
wholly visible, when they are actually below the honzon. 

The discs of the sun and moon, when near the horizon, 
appeflr somewhat elliptical, because the lower limb of 
either of these bodies m that situation, is more elevated 
by refraction than the upper, and in consequence of 
which, the vertical diameter appears shortened, while 
the horizontal diameter remains unaffected. In the hori- 
zon, the vertical diameter is about one-eighth less than 
the whole diameter. 

Refraction, also, by elevating two heavenly bodies in 
vertical circles (1 1) which meet in the zenith, makes their 
apparent distance less than their true distance. 

51. Twilight, or Ckefubculum. Twilight is that 
&int light which we perceive for some time before the 
8un rises and after he sets. It depends both on the re- 
fraction and reflection of the sun's rays in the atmosphere. 
Twilight begins in the evening when the sun sets, and 
gradually decreases till he is 18° below the horizon, when 
It ends. It also begins in the morning, or it is daybreak, 
when the sun is within 18° of the horizon, and gradually 
increases till sunrise. 



so, Wlnt eSect hai refractioa oa tlte riung and letting of ihe heaTcnl^ 
badi«s t YHut oa the lei«th of die day I What el^ct on the nm and 
mooD, whMt tltdr Dpper limln touch the bmcon I Whj do the discs of 
the BUD and moon, vhen near the horizon, appear elliptical I Why i« the 
^>pareDt distance of two bearenly bodies leas than their true distanee t 

61. What ia twilight^ and od -what does.it depend t When does it be- 
gin, and when aid t 
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51 



fiS. Heisht of thb Atmobphkeb. 

From the datum stated in the last article, we are enabled to 
find at what height the atmosphere ceases to reflect the son's 
rays. 

Thus let ABE represent a portion of the surface of the 
earth, D F G the surface of the atmosphere abOve it, aoA E F H 
flie visible horizon 
touching the earth 
at E, the place of ^ I 
the observer, and 
intersecting the 
snrface of the at- 
mosphere at F. 
Then another line 
F B S drawn from 
F, touching the 
earth in B, will 
be the direction of 
the sun when the 
twilight ceases, 
and congequently. 
according to ob- 
servation, will 
make with the horizon the angle H F 8 ^ 18°. From the 
pomts B, E, and F, draw to the centre C, the lines B G, EC, 
and F C, the latter meeting the earth in I. 

Now it is evident, by inspecting the figure, that the highest 
particle of the atmosphere at F, supposed capable, will reflect 
the light in the direction F E ; hence none of that part of the 
atmosphere D E F above the horizon will be illummated, and 
consequently twilight will end at E. The part E I B F, though 
not directiy enlightened by the sun, receives a degree of light 
by reflection &om that part of the atmosphere on which he 
shines. 

Because the two angles E and B of the quadrilateral E G B F 
are right angles, the other two E G B and E F B will be to- 
gether equfJ to two right angles; therefore E C B = H F S 
= 18", and E C F = 9°. 'flien— 

62. From the (Utum, namclj, that twiliglit cemsM wh«a the snn is 18° 
below the horixoa, find at vhat height, by drawing the dugradi and woA- 
iof tlM proUrai, the atau^here ocmm to teflset tbe an^a i^*- 
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u Mw. E C F 9° ar. eo. 0.00S380I 

ia to Radius 10.0000000 

BO is EC 8966m. 3,6972563 

to C F 400St» 3.S026364 

Hence OF — CI — IF« 400fim. — 3966m. — 49 miles 
the height of the atmosphere. 

63. Parallax. That place in the heavens in which 
any celestial body appears to an observer on the surface 
of the earth, is called its apparent place ; and that place 
in which it would appear at the same time to an observer 
at the centre of the earth, is called its true place. The 
difference between its true and apparent place b called 
the Parallax. Astronomers find it convenient in their 
computations to reduce the apparent places of the hea- 
venly bodies to their true places. 

Let S represent any heavenly body, E the place of 
an observer on the surface of the earth, and C its centre. 
At E, the body S would i 
appear as at s in the ce- 
lestial sphere, its apparent 
place when corrected for 
dip of the horizon (47) and 
refraction (4S) : and at C 
it would appear as at «", 
its true place. The angle ' 
E S C or s S s" is the dif- 
ference between the true 
and apparent place of the 
body S, called its parallax, 
and is the anele which < 
the earth's radius subtends hy two imaginary straight 
lines drawn irom the centre of the body, one to the place 
of observation on the surface of the earth, and the other 
to its centre. When the body S is above the sensible 




B8. Wluit ie the ■.pptrent phce of ■ oelestiaJ body I What ia its InM 
pl&ee t W}iat is the difierence between its trae and apparent place call- 
•d t Dnv Ibe diagmn, tai diow tibai angle b Um p«ntH»x. 
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hoiizon E H (8), the angle E S C is called the parallax 
in altitude; and when it is ia the horizon at H, the 
angle E H C is called the horizontal parallax. If the 
place of observation be on the equator, the horizontal 
parallax is called the equatorial parallax. 

The angle S E H is the observed altitude of the body S 
in regard to the sensible horizon E H, and the angle SCR 
the true altitude in regard to the rational or true hori- 
zon C R ; . but because of the parallels E H and C R, the 
angle SCR = SDH=SEH + ESC: hence the 
true altitude is obtained by adding the parallax in alti- 
tude to the observed altitude. 

54. Pasallax in Altitudb. 

Put H ^— the horia>ntal parallax, p « the parallax in ald- 
tude, and Z •— ■ the observed zenith distance (19) of the heavenly 
body. Then in the trianirle SEC (see last fif.) we have 8 C : 
EC : :sin.SEO~eia.SEZ — un.Z: ^n. EBC =»8in. j>; 
and in the triangle H E C, we have H C — S C : EC : : 
Radios: sin. E H C — sin. H ; therefore, sin. Z : sin. ;>. : : 1 : 
sin. H, taking radius equal to unity ; hence — 
sin. J). — Bin H nn Z. 

Since the parallax is always a very small angle, we may sub- 
Bt(tDt« the arc instead of the sine, bo that the above equation 



j> — H un. Z. 

Hence the parallax in altitude varies as the sine of the Eenlth 
distance, or as the cosine of the observed altitude, and equals 
the product of the horizontal parallax by the sine of the appa- 
rent zenith distance. 

From this equation we see that when the body is in 
die zenith, the parallax = ; also, that when the zenith 
distance is 90°, or when the body is in the horizon, the 
parallax is a maximum. 

What is panlluE in kltitode I HorizoDlal pivallBx t Eqoslorial pk- 
nUax I How is His trae Utitode obUioed f 

fit. DemoDBtnte tli*t the pftinlUx ia altitude Tariea fits the sine of tba 
■enith diitance. To what is the parallax in tltiiude equal I When ia 
the parallax leni, and when 
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55. Horizontal Parallax. 
> Let E and E' represent the places of two obserrers on, the 
same terrestrial meridian (9) E Q E' 80° or 90° remote from 
each other, S a heavenly btwiy, the homonta) parallax of which 
is to be found, and » a fixed star, which comea to the meriiUati 
at nearly the same lime with the body S. Let the observers 
at the same time find the meridian zenitli distances Z E S and 
Z' £* 8 oorrected for refraction, and the meridian zenith dis- 
tances Z E « and Z' E' « also corrected for refraction. 
Put the an- 




and E' S C respectively — p and y. The angle E S E" « 
■EDE'— SE'a=8E<— SE's — ii — ^ because the 
lines £ s and E' s are sensibly parallel on account of the im- 
mense distance of the star g ; andESE' = ESC -(-E'SC 
— P +y, butp +p' — H. wn. Z + H. sin. Z' by the last 
article; hence H sin. Z + H sin Z' — d — <f, or— 



sin. Z + sin. Z' 
By meuis of this formula, the. horizontal parallaxes of the 
sun and planets may be fonnd. In regard to the parallax of 
the moon, it will be necessary that the spheroidal figure of the 
earth be taken into account 

66. Draw the dtagram, and show how the horizontal pBroUai of a 
heavenly body nmy be found. In regard to the parallai of the mooo, 
what IB observed t 
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The sun's parallax, by the foregoing process, may be 
found within 1" or 2" of the truth. By meana of a more 
accurate method, namelv, the transit of Venus, Professor 
Gncke, of Berlin, has found the sun's mean horizontal 
parallax to be 8".6776.* 

From repeated observations made on the moon, her 
parallax not only varies during one revolution round the 
earth, but also from one revolution to another. The 
greatest and least equatorial parallaxes are respectively 
61' 29" and 63' 51" (53). Her mean equatorial paraUax 
is 57' 1". The horizontal parallax of Venus, the nearest 
planet, is 31", and the parallaxes of the other planets are 
less in proportion as ^eir distances are greater. The 
fixed stars have no sensible parallax, on account of their 
very great distance. 



THE BUH. — ® 

56. Remabkb. The sun, the fountain of light and heat 
of the whole system, is situated near the common centre, 
or in one of the foci, of the orbits of all the planets. Be* 
sides the sun's apparent diurnal motion, rising in the east 
and setting in the west, he has an apparent annual mo- 
tion among the 6xed stars. If we observe the positions 
of some particular groups of stars atler sun-set, and at 
intervals continue our observations for several weeks or 
months, we will find that the sun will continue to approach 

* Qammere'B ABtronomy, Article 807. 



By meana of a more accarate method, what has the nun's raean hori 
Eontal parallax been found to be t Hoir much is the mean equattxta* 
panUlaz of the moon ! Hot much is the hortzontal paraltuc of Venus I 
Why have the &ced stars no parallait 

66. Wb»e is the son situated with regard to the orbits of all the plan- 
•to ? What apparent motiao has the mn I 
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those stars, aod liaally he will appear east of them, and 
thus, in the course of a year, complete his apparent an- 
nual progress in the heavens. Hence the position of the 
fixed stars in the visible heavens, at the same hour of 
the evening, varies at different seasons of the year. 

57. DiBTANCB, Perhaps no problem appears more 
paradoxical and difficult than that of determining the 
distance of the sun from the earth to a near degree of 
exactness. From the mean parallax the mean distance 
is determined. The mean horizontal parallax of the sun, 
as deduced from the most accurate observations made 
on the transits of Venus in the years 1761 and 1769, has 
been found to be 8".5776 (55). Hence the sun's distance 
is found as foUows : 

Id the ric:ht<aiigled tri- x 

angle, E C fe right-angled 
BtC; put E C the earth's 
Bemi -diameter ^ r = 1 ; 
the angle K S C the mean horizontal parallax = H ; and we 

as Bine H, S^SIVS ar. co 4.3817894 

ia to Radius, 90° 10.0000000 

so is r, 1 , 0.0000000 

toSE, 24087.3 r 4.381'7894 

Or, since the circumference of the circle contfuna 360° ^ 
1896000", we have 3.1418* : ^ :: 1296000" : 206264" = 
the length of the radius expressed in seconds. And because 
the parallax is a very small angle, it may be used instead of its 
wne, without material error. Thus H : Radius ; : r : 8 E, or — 
-_ Radius 206264" „,„,„ , 

S E = —^. = -^.^^^^ = 24047 r nearly. 

* Tliia number eifo^sses the E^proximate ratio of the drcomference 
of the circle to the diameter. • 

Iq wliat time does the vaa make bis apparent circuit among tbe fixed 
■tara ) What is tbe consequence of tbia apparent motion of tbe sun t 

67. How ia tbe mean diEljuice of the hud detenniued ) Draw the dia- 
gram, and sboir bow tbe distance may be found. Oire tbe otber metbod 
of finding it 
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Taking 3956 miles ~ the earth's semi-diameter or 
mean rai»us, we have 24047 X 3956 = 95,129,932 miles, 
the mean distance of the sun from the earth. 

58. ApPAaBNT DiAHETEB AND MAGNITUDE. The SUn's 

apparent diameter at his mean distance, is 32' 1".8, which 
is determined by measurements with an astronomical 
instrument called a Micrometer, or Heliometer. It is 
evident that the earth's mean horizontal parallax, as seen 
from the sun, will be equal to 16' 0".9, the sun's apparent 
semi-diameter ; and the earth's apparent semi-diameter, 
as also seen from the sun, will be equal to $".5776, the 
sun's mean horizontal parallax. 

Let R = the sun's real semi- diameter, 
r = " earth's do. 

H ^ " sud'b mean horizontal parallax, 
and A = " earth's do. 

Then, by the preceding article, the distance — 

„ „ Radius , , „ _, Radius „ 
BE— — — — r, and also S E — — B; 

hence R H =— r A, and regar^ng r ^ 1, 
A IS' ir.9 

Therefore the sun's real diameter is 1 13 times the mean 
diameter of the earth, or 7,912 m. X 112 = 886,144 
Allies, the sun's real diameter. And 112^= 1,404,928, 
which shows how many times greater the sun's volume is, 
than that of the earth. 

59. Solar Spots. When the sun is viewed by a good 
telescope, furnished with a colored glass to protect the 
eye, we frequently discover on his surface dark spots. 



"Wliat ii tbe nnfB mean distance hop the eattliin milesl 
6S. What ia the biu'b a[q»nint diameter at Ida mean diataace, 
bow. determined t Demonstrate the method of finding bow many ti 
graatn the suii'a real diamelH- ia, thui Uiat of the earlh. What ia 
(un'e diameter in milea ) How many timea greater ia hi* Tolama t 
thalirfUieew^t 
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cslled macules, of various magnitudes aod forms. These 
spots may sometimes be seen by the naked eye, when 
the sun is partially obscured by thin clouds, or when he - 
is in or near the horizon. Each spot consists of a dark 
nucleus, surrounded by an umbra or zone of a fainter 
shade. 

The time of their continuance varies from a few hours 
to several weeks, during which time some increase, and 
others diminish in size. Some also divide, and others as 
it were, burst asunder and then disappear. Sometimes 
the disappearance of these maculs is succeeded by 
facuUe or lucuH, which are spots brighter than the rest 
of the sun's disc. 

60. Theost of thb Solar Spotb. No hypothesis en- 
tirely satisfactory has been given of the solar phenomena. 
The most generally received opinion is, that the sun is 
an opaque Body surrounded by an atmosphere composed 
of pjiosphmic or self-luminous clouds ; that a solar spot 
is the dark body of the sun seen through an opening in 
his luminous atmosphere, and that the umbra is a conse- 
quence of the shallowness or gradual shelving in the sides 
of this opening. 

Dr. Brewster, of Edinburgh, has advanced the opinion, that 
the nucleus, or dark body of the sun, is the "magazine from 
which heat is discharged ; while the luminous, or phosphores- 
cent mimtle, which that heat freely pervades, is the te^oa 
where light is generated." This opinion is consonant with the 
philosophic fact, that the invisible rays which pervade the solar 
spectrum, and extend beyond tbe red rays, have a heating 
power, and are distinct from those which produce the sense 
of vision on the human retina, 

61. Rotation of the Sun on his Axis. Since the 
spots on the sun's surface move across his disc from east 

ft. Wbti are the dark spots frequently seen oa the mn'a nir&ce, call- 
ed ! When can Ihej be seen by tbe naked eje I Of what does each 
spot coDust I Give a description of tbeir contfaiDBnee and diaappearanee. 
By what ia their dinqipeBTance Bometimea succeeded t 

60. Vhst ia the most generally received theory of tbe snlar spota ( 
Qiv* Dr. Brewster's opinion. With wh«t is this i^Hnioa conscoaDt t 
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ti. fvest, it is inferred that the sun has a rotation on his 
axis from west to east. It requires 27d. 7h. 37m. for a 
spot to return to the same position which it formerly oc- 
cupied ; but during this interval of time, the earth has 
advanced in its orbit nearly one sign, and in the same 
direction with the spot. £et P = 365d. 6h. 9m. the 
•iderial or periodic revolution of the earth (27), S = the 
time of the siderial revolution of a spot which is required, 
S' = 27d. 7h. 37m. its synodic revolution, and 1 = ^ 
circumference of the circle. Then — 

-p- == the earth's daily pr<^ress, 

-g- ^ " spot's do. 

hence -^ 5- = - „ p - = the daily gain of a spot 

on the earth ; 

and -^ = the distance in revolutions which a spot 

makes until it returns to 'the same position, with r^ard 
to the earth, which it formerly occupied. Then we 
have — 



and P S + S ff — P S', 

a PS' 

^^"P+l-. 

Hence P + S' : P ; : S' : S, or by substitution, 365d. 

6h. 9m. + 27d. 7h. 37m. : 865d. 6h. 8m. : : 27d. 7h. 87m. : 

25d. lOh. = the true timeoftherevolution of a spot, or 

the time of the sun's rotation on his axb. 

As the Bim revolves on his axis, his figure is supposed not 
to be exactly spherical, but a little flatted at the poles like our 
earth. The sun is also agitated by a small motion nnmd the 

61. How long does it Tequire for ■ spot to ratam to the uune podticn 
iriiid) it Awmerlf occupied 1 Asm the Bjaodio tim« of % apo^ detaimne 
the nuf ■ TotetaoD on hi* axit. 
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cflBtre of gravity of the aolar system, wbioh is produced by th« 
TOriouB attrsctioDs of the circumvolving planets. 

62. Inclination of the Asis. From the apparent 
patha of the spots, which are of course parallel to the 
solar equator, it is deduced that the axis of the sun is 
iuclined io an angle of 7° 20' to the axis of the ecliptic. 
At two opposite seasons of the year, June and December, 
the path of a spot appears as a straight line ; but at all 
other times it will appear as a very eccentric semi-ellipse, 
which will vary in eccentricity according to the season 
of the year. It is also found by observations, and com- 
putations thereirom, that when the eccentricity of the . 
apparent path of a spot is the least, or when the northern 
half of the solar axb is inclined towards the earth, and 
coincides with a plane passing throuch the centres of the 
earth and sun perpendicular to the plane of the ecliptic, 
the sun's longitude is 170° 21', or 20* 21' in the sign Virgo. 
Hence the nodes of the solar equator are 20" 31' in Ge- 
mini and Sagittarius. 

Let £ represeot the earth, 
e a 7 X the sun's disc, P P' 
the axis of the ecliptic, and 
a X the Bun's axis perpen- 
dicular to the plane of the i 
equator e q, and making the / 
anglePSa-=7''20'. When 
the earth is 20° 21' in Sagit- 
tarius at E, the sun will \ 
appear at &, or 20° 21 
Gemini, corresponding with 
the 11th of June. The line 
which joins these points, will 
be a prolongation of the com- 

Wlut caiuea the BuntohaTe a enull motion rcnmd thu centre of gravity 
of the rfBt«mt 

62. Wliat is dedooed from the apptireat patha of tin soUr spots t How - 
much u the son's axis bdioed to the biib of the ecliptic I When doea 
the apparent path of ■ spot appear U a ainight line ( What is the ap- 
panut path at all other timesi What ia the nm'i loi^tnde when tba 
•cceDtncitjofthepathof aapot ia theleaitt . ' 
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mon intorBection made by the platMB of tfae sobr equator and 
ecliptic, and conaequenuy the eye of the observer will be in 
both planes ; hence a spot oa the sun's equator, iu describing 
that circle, will appear to move along the straight line e q. But 
when the earth is at E', the plane of the solar equator will pre- 
sent an oblique appearance to the observer's eye, aad hence 
the spot will then appear to describe the curve er q. 

63. Sun'b Motion in absolute Space. Astronomerg 
have determined that certain stars slowly change their 
position in the heavens. , While the apparent distances 
of some from each other are. increasing, the distances of 
those in an opposite direction are dimioishiag. Hence 
it is inferred that the sun, and necessarily all the bodies 
contiected with him, have a motion in absolute space, 
and are advancing towards, one quarter of the heavens, 
and receding from the opposite point. This change in 
the position of the atars, is called their proper motion. 

Sir WtUiam Herschel has come to the conclnsioD, from his 
obBervations on several stars, that the solar system (35) has a 
motion towards the constellatjon Hercules, and that tMs motion 
is not rectilineal, but performed round some immense body, the 
centre of all the systems with which astronomers have filled 
the regions of space. M. La Lande supposes that all the sys- 
tems of the universe maintain an equilibrium, and have a pe- 
■ nodical circulatron round their common centre 'of gravity. 

64. Zodiacal Light. A faint li^t resembling the 
milky way, but less bright, is seen at certain seasons of 
the ^ear, after the end of twilight in the evening, and be- 
fore it begins in the morning. This is called the Zodiacal 
Light. It is of a conical form, having its base turned 
towards the sun, and ita axis inclined to the horizon to the 
direction of the zodiac. It varies in extent from 20° to 100°. 

Wbai a a consequrace of the preceding retnttt Eiphun the (bregoing 
principlea hy the diagram. 
8S. Whsl u nud of certain atars I What \a inferred from this apparent 

diuge of poeiCiwi of san:.e stars t What ia Sir William Herschel's coo- 
dusioi in reladoo to this matter I What does M. La X-ande auppose t 

64. Describe the mdiacal light Of what form ia it, and in what dims 
tim ii the axis ( 
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' The beet time for sedng the zodiaca] light, is abont the be- 
nuning of Uarch, in tiie evening, and the beghining of October, 
m the morning. No satisfactory explanatjon has been giren 
of this phenomenon, which, on account of its accompsnying 
the Bun, ve have thought proper to notice in this place. 

65. Astronomical Sign. The sun has for bw astro- 
nomical sign, ®, the circumference of a circle with a 
point in the centre, which represent him as the c^ocre of 
motion of the planetary system. 



CHAPTER VL 

HEROUXY.— f 

66. Rbhakks. Mercury, the nearest of all the plaiwti" 
to the sun, emits a brilliant white light with a small tint 
of blue, and twinkles like the fixed stars. He may be 
seen, when the atmosphere is favorable, a little after sun- 
set, and again a little before sun-rise. The observations 
of astronomers on this planet, on account of his proximity 
to the sun, and consequently his appearing but for a 
short interval above the horizon when the sun is below it, 
and that principally during the twilight, have been at- 
tended with difficulty, and considered somewhat uncer- 
tain. 

Mercury appears to us, when viewed at different times 
through a telescope of sufficient magnifying power, with 
all the phases of the moon, except that he ne'^er appears 
quite full, because his enlightened side is never directly 

Has anj utigfitctory explanation been pvea of tlie zodiacot li^t t 
BS. Wliat has the Bun for hia aBtronoDucal sign, and vbat does it repre- 
mnt) 

ee. Wliich U the nearest of all the planets to the ann t What ia the 
appearance of Hercurj I When ma; he be seen t On what account hare 
Die obeervatiwu of aaironomers on this planet been attended T[tli diffi- 
enlty ! How does Hereurf appear to na when TMwed Uuougb a tele- 
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opposite to us but when he is so near the sun as to be 
lost to OUT sight in the beams of that lunriinarj-. His 
enlightened side being always towards the sun, and his 
never appearing full, evidently prove that he shines not 
by any light of his own, but by the reflected light of the 
sun ; and moreover, his never appearing above the hori- 
zon at midnight, shows that his orbit is contained within 
that of the earth, otherwise he would be seen in oppo- 
sition (23) to the sun. 

67. PBiioD AND Distance. Mercury performs hb 
periodical revolution round the sun in 87d. 33h. 16m. 43s. 
= 7600543s. of our time, which ia the length of his year. 
The earth's siderial revolution round the sun is 365a. 6h. 
Om. lis. = 31558151s. Then by Kepler's third law (40) 

we have S155815is ; 7600543' : : 1' : f2???^1 = 

s ^^^^^__ L31558151 J 
.058005091138; and V,058005091138 = .387099 nearly, 
the distance of Mercury from the sun, supposing the 
earth's distance to be 1. Hence, because the earth's 
distance is 24047 r (57), .387099 X 24047 = 9308.57, 
the distance in semi-diameters of the earth; and 9308.57 
X 3656 = 36,834,703 miles, the mean distance of Mer- 
cury from the sun. 

The distance from the foot of a perpendicular, conceived to 
be let fall from the centre of a planet on the plane of the ecUp- 
tic to the centre of the sun, is called the curtate dutanee of the 
planet. 

Also, 87d. 23h. = 211lh., and 36,824,703 X 2 X 8.1416 
-^ 2111 = 109,606 miles, the mean rate at which this 
planet moves in his orbit per hour. 

68. Apparent Diameter and Maonitude. The ap- 

Whai are tike proola that Hercnrj aMDes by His reflected light of the 
■OD t What U the probf thst his ottnt ii oontaiaed wiUuo that of the 
«artht 

e^. In That tune does Hercmy perfiinn his periodic rerolutlon ( Know- 
ing the earth's diatanee, borw i» Mercnry'B oMained I What ia the mean 
distance in ntiles t What is tbe curtate distance of a phnet t At what 
rate per hoar does he mo\ e in his OTbit, and how obtuiMd I 
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parent diameter of Mercury varies between 5" and 12", 
When in his inferior conjunction (23), and at his mean 
distaijce, it is 10" .75. The mean distance of the earth 
from the sun is a4047r, and the mean distance of Mer- 
cury from him iy 9308.57r (67). Hence 24047r — 
9808.57r = 14738.43r, the mean distance of Mercury 
from the earth at his inferior conjunction ; and as the 
apparent diameters of bodies are inversely proportional 
to their distances, we have 24047 : 14738.48 ; : 10".75 : 
6".58, the apparent diameter of Mercury at a distance 
from the earth equal to that of the sun. And because 
the sun's apparent diameter is 32' 1".8, and his real di- 
ameter 886.144 miles (58), therefore 32' I".8 : 6".58 : : 
886,144m. : 8,034 miles, the real diameter of Mercury. 
Then since the magnitudes of spherical bodies are as the 

cubes of their diameters, it follows that I ^ (2.6)' 

= 17.576, which shows how many times the magnitude 
of the earth exceeds that of Mercury. 

69. Inclination of thb Orbit and Transit. The 
orbit of Mercury is inclined 7° to the plane of the ecliptic, 
and that node (22) from which he ascends northward 
above the ecliptic, is in the sixteenth degree of Taurus ; 
and consequently the descending node is in the sixteenth 
d^ee of Scorpio. The sun is in these points on the 6th 
of May and 8th of November ; and when Mercury comes 
to either of his nodes at his inferior conjunction about 
these times, he will pass over the disc of the sun like a 
dark round spot, which phenomenon is called the transit 
of Mercury ; but in all other parts of his orbit, he will go 

ti. Beiveen what qnantitiefl does Uie appareot dumetar of Hercuij 
THly I Wliftt i> it wheD he is in hU infericNr coajnnctiDD, sod at hig mean 
diitance ! Snoviag thie and the meta distances of the earth and Mer- 
ouy, bow is the real diifeneter fouad I How man; timea does the magni- 
tade of the earth exceed that of Mercury, and how detennaied ) 

Se. How numj degrees ia the orbit of Mercury inclined to the plane 
of the ecliptic I Id what signs and degree are the nod^ I What wfll 
ooeur when Mercury cornea to either node at his inferior conjunctioa I 
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either above or below the sun, and consequently his con- 
junctions will then be invisible. 

It is found that the longitude of Mercury's node varies but 
little more than 1° in a century ; hence his tranuts ctui only 
occur, for centuries to come, in the months of May and Novem- 
ber, because the sun's longitude can agree with that of the 
nodes only in these months. 

70. Rotation oh the Axis, Sbabonb, £tc. Mercury, 
according to Mr. Schroeter, of Lilienthal, performs a 
revolution 'on his axis in 24h. 5i^m. The axis is said to 
make a large angle with a perpendicular to the plane of 
the ecliptic. 

From the apparent diameters of Mercury taken at the 
time of his transits, and when at his aphelion and peri- 
helion distances (3B) the eccentricity of his orbit is ob- 
tained, which is about | of his mean distance. On ac- 
count of this great eccentricity of the orbit, Mercury's 
year is dividetf into seasons of very unequal length. The 
ught which this planet receives from the sun, when in the 
perihelion, is 10 times as great as that which the earth 
receives, while it is but 5 times as great when in the 
aphelion. This is also a consequence of the great eccen- 
tricity of the planet's orbit. The intensity of heat at 
Mercury, if it were governed by the same law as that of 
hgh^ would vary of course from 5 to 10 times its intensity 
at the earth. But we have noTeason to conclude that seit- 
sible heat at the planets, is in the inverse proportion to the 
squares of their distances from the sun. 

71. Astronomical Sign. Mercury was considered 
the messenger of the gods. His .astronomical signals 
supposed to represent the caduceus with which Ap<^lo 

Why will his trumita occur in (he montha i^ Ha; and If oreinber tor 



To. In whAt time does Mercoiy revolve oa his aiia I What put of the 
mean distance m the eccentricit; of the orbit, and hoir obtHined I What 
is sud of tlie Beosooa t What of the light which he receivee I What 
of the iuteout; of tiie sun's heat at Mercury t What ia the c( 
remark on this subject I 

71. Deeccibe the aitroniBiikal dgn of Marcuy t 
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fiiTDJ^ed him. It is a rod entwined at one end by two 
serpents in the form of two equal semi- circles, and wing- 
ed at the top. The snakes are supposed to represent 
prudence, and the wings diligence. 



CHAPTER Vn. 



73. Rehakkb. Venus, the next planet in order, is to 
appearance the largest of all the planets, and is distin- 



guished irom them, by the brilliancy and whiteness of 
ner light. Her orbit, including that of Mercury, is w' ' 
in the earth's orbit, for if it were not, she might be s< 




as often in opposition to the sun, as she is in conjunction 
with him ; but she was never seen in our latitude, above 
the horizon at midnight, or 90° from the sun. 

Venus, when view- 
ed through a teles- 
cope, has all the 
phases of the moon, 
though she never or 
seldom appears per- 
fectly round. (T 
the ngures.) 

73. Pbuiod and DiBTANCE. Venus performs her rev- 
olution round the sun in 224d. 16h. 49m. lOs. = 19,411,- 
750s. Hence, (67) r i9411750 l ■_ y^g^^^^^^„ 

and V,3784 544658331 17 = .723332, the disUnce of 
Venns from the sun, supposing the earth's distance = 1. 
Then .733333 X 24047r= 173fl4r, the distance in semi- 

7S. Hcnr ii Veous diatin^nisbed from the otlier pUoets t la her attit 
witliin Uwt of Ihe earth, and if so, how kiiowQ 1 What ia her appearsnce 
Then Tiered Diroiigh t, teloMOpe 1 

IS. In vhat time does Teoua perform her revolntioo mniid the nm I 
Pnim the peiiodic tune, detemuite the mean distsoce. 
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diameters of the earth ; and 17S94 X S956m. = 68,810,- 
664 miles, the mean distance of Venus from the sun. 
And since the intensity of hffht is reciprocally propor- 
tional to the squares of the distances from the source 
whence it emanates, we have 

f ' 1-=1.9. 



This shows that the intensity of the li^t of the sun at 
Venus, is nearly double its intensity at the earthi 

Venus performs her revolution round the sun in 334d. 
17h. nearly = 5393A, Hence, 

66,810.664X2X3.1416 _ g^^gg ^^^^_ 
6393 
This distance is equal to the velocity per hour of Venus 
ID her orbit. 

74. Af PAKE NT Diameter and Maqnitude. The 
greatest and least apparent diameters of Venus are 61" 
and 10". When she is in her inferior conjunction and at 
her mean distance, the apparent diameter is about 60"' 
Then 1— .733332 — .276668 (73) the distance of Venus 
from the earth at her inferior conjunction, the earth's 
distance from the sun being equal to unity ; and 
1 ; .276666 : : 60" : J6".6, the apparent diameter of Venus 
at a distance from the earth equal to that of the sun. 
Again, 3^ 1".6: 16".6: : 886144m, : 7654 miles, the real 
diameter of Venus. Hence, we have ^ 7654 '^ '__ _| 

I7913J 
making her volume about -fg that of the earth. 

From the small variadons in the apparent diameters of Yenus 
at or near her inferior conjniicdoiis, the eccentricity of her 

Wbti IB llw mean distance in milea I Determine the compitratiTe in- 
taoBtiea of tlie ■otfB light at Veniu and tlie ««rili. Wbat is the velocity, 
per hoar, erf tlua planet b Um orbit t 

74. What ia the apparent diameter of Veniu. vhen in her inferior 
coDJonotion, and at her mean distance I From thi^ determine the real 
diAnMt«T. What ia her Tolume oompared with that of the earth t From 
what dammutanoe ia her ccbtt GMnd to be Terj nearfy aFCvIaTt 



.905, 
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orlMt is detwmined to be about .00688, or leas tban half a nul- 
lioD of miles ; hence, it is verj aeaxlj circular. 

75. Rotation on tbe Axis and Seasons. Mr. 
Schroeter found the period of the daily rotation of Venus 
on her axis to be 23A. 21m. This he deduced from the 
different shapes which the horns' assumed. He observed 
that the appearance of her horns varied, and after an 
interval of time, again assumed the same appearance. 
Hence, by noticing this interval, he conclude that the 
time of tne rotation is as already stated, 23A. 21m., and 
that her axi^ makes a considerable angle with the per- 
pendicular to the plane of the orbit. Some authors state 
that this angle amounts to 72**; and consequently the 
length of her days and ni^ts, and the vicissitudes of her 

■ seasons, are subject to great and rapid changes. 

76. MoBNiNG AND Evening Stak. When Venus ap- 
pears west of the sun, or when her longitude is less than 
the sun's longitude, she will rise in the morning before 
him, and is then called a morning star ; but mien she 
appears east of the sun, or when her longitude is greater 
than the sun's longitude, she shines in the evening after 
sunset, and is then called an evening star. 

This planet, when a morning star, was called by the 
ancient poets, Phosphorus or Lucifer, and when an even- 
ing star, Hesperus or Vesper, having been r^arded by 
them as two different bodies. Venus is a morning star 
for 293 days, and an evening star for the same length of 
time. 

SuDpoee Venus in her inferior conjunction. Put P^the 
periodic revolution of the earth in days, F' i^ the periodic rev- 
olution of Venus, and 1 -• the circumference of the circle. 
llien ve have. 



76. Wbmt U the time of the rataliai of Teniu od her »■"« and hoir 
deduced I Wlut is the iuelinBtioo of her am 1 What ia the ottoe- 
quence of Ihis great incliiuitioD of the axii t 

7S. When ia Veaua a moniing star, and when aa erening atar ) What 
called b; tbe ancient poets I How kog doea she contiDne alternately ■ 
momiiig and an eveniDg star t 
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- ^ the daily progress of the earth m its orbit, 

" Tenus in her orbit, 

the daily gun of VeDos on the earth ; 

— ....-., (/=: the time which elapses untfl 

P P' P— P ^^ 

VenuB comes agaia lo her inferior conjunction. 

If we substitute for P 366^ and for P' 224^, the fourth 
term of the above proportion will give 564 days nearly, the 
synodic revolution of Tenus ; and 684 days -f- 2 — 292 days, 
the time which she continues alternately a morning and an even- 
ing star. By substituting in the same formula for P' 88, we 
wll] find the aynodic revolution of Mercury about 116 days. 

77. iNCLrNATioN OF THE Orbit AND Tbanbit. The orbit 
of Venus makes an angle of 3° 33' 28" with the plane of the 
ecliptic, and the ascending node is 15° in Gemini, hence 
the descending node is 15° in Sagittarius ; therefore when 
the sun is in or near these points of the ecliptic, and 
Venus in her inferior conjunction, she will pass over his 
disc like a dark spot, called the transit of the planet. 
The sun's longitude agrees with the longitude of the 
nodes on the 5tn of June and 7th of December. 

Let E E' E" represent the orbit of the earth coinciding 
with the plane of the paper, w e' d" that part of the orbit 
of Venus above the plane of the earth's orbit, and if" v'" v, 
that part below it. 

when the earth is in Gemini at E, or the sun in Sagit- 
tarius, and Venus at p in her inferior conjunction, and in 
or near her ascending node, being then in a direct line 
between the earth ana the sun, she will evidently appear 
like a dark spot on the sun. The same phenomena will 



From Uie periodic tunes of the eardi sod VeDDs, deduce the stiknIw 
nTdvtion of Yemu. How is the sjiiodio revolatiOQ of Mercury found t 

IT. 'Saw many degreM is the rabit 4^ Yeiuia inelined to the pluw of 
flM«oUptlct WlMt «ra the Img^tudei of the DodM I 
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occur when the earth is in Sa^ttarius at E", or the son 
in Gemini, and Venus in or near her descending node at 
t)". But when the earth is at E' and Venus at «', or 
when the earth is at E'" and Venus at «'", althouf^ in 




both cases she is at her inferior conjunction, there will be 
no transit ; because in the one case she will pass above 
the ETun, and in the other below him. In a similar man- 
ner, a transit of Mercury may be iUustrated. 

78. FKBaUENCT OF THE TsANSITS OP MeKCURT AMD 

Vends. It has already been observed that a transit of 
one of the interior planets (36) cannot occur, unless the 
planet is in or near one of the nodes, and at the time of 
the inferior conjunction ; therefore, when a transit has 

WLat will occur wbeo the bod ii id or near these porabi, at tha time 
Venui ia in ber iDferior craJDnctioD t Diwr the diignun, Bod iUmtnte % 
trannt of Tenas or Mercury. 

18. When B Iranail hae occnned at one node, of what mart the period 
of tilDe that elapses be composed, before another tranmt can happcm at 
the aamenodel 
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oocnrred, another will not happen at the aame node, tSI 
the lapse of a period of time composed of a whole num- 
ber of periodic revolutions of the planet and the earth, 
or nearly so. And again, another transit will not occur 
at the opposite node, till the lapse of a period of time 
composed of an odd whole number of half periodic rev- 
olutions of the planet and the earth, or nearly so. 

Hence let P represent the periodic revolation of the earth, 
P' that of an interior planet Mercuiy or Venus, and m and n 
two whole numbers, such that mV — nT' nearly ; then will 
ffi be the number of years between two consecutive transits 
at the some node. Or, let m and n represent two odd whole 

P P' 

numbers, sncb that m —— — n —— nearly, then will m be 

the number of half years between any two consecutive transits 
at opposite nodes. Let us examine the first equation : 

mP 
«tP — bP", or«^ -g;-, which (prea in the case of Mercury, 

'• ^ a whole number, 

"-if- 

This gives form 13, 7 ; and the whole number of half years 
in the second equation wiU be 19, 7. Hence the transits of 
Mercury will occur at intervals of 13, 1, 0^, Sj, 9j, and Sj- 
years, taken in order, and repeated again in the same order. 
The last transit of Mercury occurred :^y 8th, 1845 ; the next 
will occur November 8th, 1848. A fidl investigation of the 
same equations with reference to Yenus, using 2S4} in place 
of 88, will show that her transits will occur at iDtervats (J 
106)-, 6, 121^, and 8 years, taken in order, and repeated again 
in the same order. The last transit of Venus occurred June 8d, 
1769 ; the next will occur at the oppcwte node, after the lapse 
of 106J years, or December Bth, 1874. 

Of what muEt it be compoMd before a tniust occim at the opposite 
node t niugtnite these principleB, At what interval will the tranuti 
of HerciU7 occur t Thoaa of Venus! When did the last truMit of Mer- 
cnrj occur, and when will the next happen) When did the last of Tenoi 
occur, and when wiU IIm next t 
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Heae iDTUtigBti<HU of the tranuts of Hereniy and Veatu 
agre« in their resnlts with those calculated from the tabtee of 
I^ Lande. 

79. The Sow'b Parallax nETERMiNED by heads of 
A Transit op Venus. ' A transit of Venus is a phonome- 
, non of great importance, as fumishinff the best means 
by which the sun^ parallax may be determined. The 
following illustration will enable the student to understand 
the general principles on which the solution of this great 
problem depends. 

Let A and B represent the places of two observers, situated 
at opposite eitremiUes of that diameter of the earth which is 
perpendicular to the plane of the ecliptic, v Venus passing 
through C D, part of her relative orbit, and in the direction 
from C to D, and e d g the sun's disc, the plane of which for 
each observer may be regarded as perpendicular to the plane 
of the ecliptjc. 




To an observer at A, the centre of the planet will appear 
to describe on the sun's disc, the chord e d^ and to an observer 
at B, the parallel chord ef. Now, by knowing the exact times 
of the duration of the tranut as observed at both these places, 
and also knowing the reUtJve hourly motion of Yenus in her 
orbit, the values of the chords c d and ef, eipressed in seconds 
of a degree, also become known ; and hence knowing the sun'i 
apparent diameter, the value of a b, the distance between thf 
chords, or the difference between their versed sines, is ea^j 
found. Ag^n, because the relative orbit of the planet, and 
consequently the chords e d and e f, make but a small angi* 
with the plane of the ecliptic, a h may be regarded hs paraUe 

79. Whj ii a transit of Venus a phenomeDon of grest importance ! 
Draw tbe diagram, and illustrate Ibe genecal prinelpleB on wbidi the eo1ii- 
tion of this great proUem depands. 
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7» 



to A B ; tiierdbre the triangles A B « uid a b v are nnubr, 
and give the proportion, av : Av : : a&:AB; but a v : 
a A : : .723 - - - : 1 (73), and av : a A. — av^* A.v :: 
.728 --- : 1— .723 -■■ — . 276---; hence. 723---: .276--- 
: : a ft : A B -= f|} a 6 *- f a & nearly. And ance A B 
measuree the angle A a B, it follows that the aun'a horizontal 
parallax, or^AaB^Jafr nearly. 

We Bee from this method, that whatever error may be com- 
mitted in determining a b, the error in the parallax will be but 
one-fifth as great. In an exact calculation, the rotation of the 
earth on its axis, or whatever would affect an accurate result, 
must be taken into couMderation. 

On account of the nearness of Mercury to the sun, and conse- 
quent small difference in their parallaxes, his transits are not 
suitable for determining the solar parallax. 

80. Retsogbadb and Direct Motiowb of the intebiob 
Planbtb. Let S represent the sun, P an interior planet, 
as Mercury or Venus, E the earth, A B C a portion of 
the heavens, and P P' P" the planet's orbit. 




n exact ealcuUtkn, friut mnrt be taken 
B trunta of Hocnr;' net nittabls fbr 



vj by Google 



74 Awnonour. 

Whes the planet P is at its inferior conjunction, it wOl 
be invisible, oecause its dark side is turned towards E 
the earth, unless it be in one of its nodes, in which case 
it will be seen on the sun's disc like a dark spot. As the 
planet advances in its orbit from P to P*, its enlightened 
Bide will become gradually visible, and it will appear west 
of the sun, being then a morning star. When it has 
arrived at P', or at its greatest western elongation (23), 
half its enlightened side will be seen from E, the earth, 
like a half moon. Now, during this motion of the planet 
from P to P, it will appear to an observer at E, to move 
from B to A in the heavens, or to go backwards, which 
is called its retrograde motion ; and during its motion 
from F to P', it will appear to move from A to B in the 
heavens or forward, called its direct motion ; and when 
at P', it will appear in the same place in the heavens as 
when at P, being then in its superior conjunction. 

In going from P" to P"', it will become east of the sun 
and an evening star, and will appear to move from B to C 
in the heavens ; and when moving from P'", its greatest 
eastern elongation, to P, it will appear to go backwards 
again in the heavens from C to B ; and when at P, it will 
again disappear, and pasa by the sun. 

81. Distances of Mbrcurt and Vbnub, detbbhiitbd 
from their eloifgationb. 

Join 8 P, (see last fig.) and in the right-angled triangle 
E P' 8, right-angled at P', we have the angle SEP' — the 
planet's greatest elongation, and E S — • the distance of the sun 
frotn the earth, to find P' S the planet's distnnce from the sun. 
Mercury's greatest elongation is 28° 20', when he is in bit 
aphelion and the eailh in its perihelion ; but when Mercury is 
in his perihelion and the earth in its aphelion, the greatest elon- 
gation is 17" 36' ; the mean is therefore 22" 58'. Then— 

BO. Draw the diagntm, and illuatnite the retrograde and direct motiom 
of the bterlor pkneta. 

81. Vliat is the greatest eloogatioD of Merouij, when he is in his apbe- 
UoD and the earth in its poihelioD t And That is it when the planet 
k fa the pmbelim and the earlli in the aiJielioD t Prom the mean of 
the greatest otongatioos, detennina the pkoef s dirtue* Aoondmg to 
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M BadioB 90° or. CO. ... O.OOOOQOO 
is to »n 8 E F 22° S8' . 9.69I282S 

BO u E S 24047r 4.3810609 

to P' 8 9383r. .... 3.9?23432 

Hence 9383 X 3956m. :— 37,119,148 miles, the distuice 
of Mercury from the sun, according to this method. 

According to Lb Lande, the greatest elongations of Venua 

are 47° 48' and 44° 57'; when she and the earth are in ^tiut' 

dons similar to those of Mercury and the earth noiiced near 

the beginning of this article, the mean is 46° 22' 30". Hence — 

as Radius 90° or. co. ... 0.0000000 

is to «n 8 E F 46° 22' 30" . . 9.8596611 

BO is E 8 24047r. .... 4.3 



to F 8 17406.92r. . . . 4.2407220 

Hence 17406.92 X 8956m. ^ 68,861,776 miles, the distance 
ot Venns from the sun, agreeing sery nearly with her distance 
abready found by another method (78). 

Since these distances bo nearly agree with those found by Kep- 
ler's third law, and since the times of the stationary appear- 
ances and retrogradations obtuned by calculation l)ased on the 
order and motions of Mercury, Venus, and the earth, in the 
Copernican System, also agree with the times of observation 
of these phenomena, we have a strong proof of the truth of 
that system. 

82. AsTsoNOMicAL Sign. The astronomical sign of 
Venus, ! , is said to represent a mirror ftirnished with a 
handle at the bottom. 



Lb Ijuide. what are the greatest elcngations of Yeoos t From the mean 
of these elongatioos, detennine the distaDce of Yeniu. Do these diatiutoee 
of Mercury and Venn* nearly agree with tlioge fijund by Kopler'a third 
law I Wliat BtiOGg proof have we of tfae truth of ihs Oopemican aya- 

82. Deaoiibe the astroixHmcal aga of Yenoi. 
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CHAPTER VIII. 

TB« KAKTa— © 

83. Rkhabks. The earth, or the ^lobe which we in- 
habit, is the next plaoet above Venus. Ita surface is 
composed of land and water, about one-fourtli being land 
and the remainder water. The water assumes a regular 
or uniform surface, but the land is irregular in its surface, 
occasioned by mountains and valleys. The earth is sur- 
rounded by an atmosphere varying in.density, supposed 
to extend to the height of about fifty miles. By experi- 
ments in the science of Pneumatics, we learn that the 
atmosphere is an elastic medium, the density of which, 
being greatest at the earth's surface, decreases as the dis- 
tance increases. At the height of 3^ miles, the density 
is but one-half that at the surface. The density of the 
atmosphere is so small at the height of 49 miles (53), that 
it ceases to reflect the sun's rays. 

84. Period and Distance. The earth performs its 
siderial or periodic revolution round the sun, describing 
an elliptic orbit (22), in SQbd. 6h. 9m. I2s., but its tropical 
revolution in S65d. &h. i8m. 48j. from any equinox or 
solstice (14), to the same again, which is the length of our 
year. Its distance from the sun, already determined (57), 
IS 95,139,932 miles, and 365d. 6h. = 8766A. ; therefore— 

96,129,933X2X3,1416 „^,„„ ., , 
stSi =68,18fl miles, the mean rate 

of the earth's motion per hour in its orbit. 

88. WWch ia the neit plwiet to Venus t Give a dewriptiim oT Uie 
earth's suj&ce. To what height is the atmosphere eiqtponed to extend I 
Where ia the densitj' of tiis atmoephere the greatest t What is it at 
&B height of Zi mlleBt At what height does it eeaee to reflect the tun's 

84. In irhat time does the earth perfcam ite siderial or periodic rerola- 
&m round the eun I In what time its trofuCBl reTolntion I What is the 
length of our jeai 1 At what rate does the earth move in its («Ut per 
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85. Eccentricity of the Obbit, 

When the eartb ie in the perihelion, the sim's apparent diame- 
ter will be the greatest ; and when in the aphelion, it will be the 
least. The greatest and least apparent diameters are respectively 
foundto be 32'34''.6 and 31'30".l ; hence the earth's reUtiTe 
distances when in these pcnnls, and consequently the eccentricity 
oi its orbit, may be detenoined. Thus let « ^ the eccentricity, 
D ^ the greatest apparent diameter, d ^ the least, A — the 
aphelipQ or greatest distance, and P — the perihelion or least 
distance, and we shall have D : if : : A : P ; whence D + d : 

D — d::A + P :A — P.orD+d: D — d : : A±Z. : 

A — P ^ A + P , . . . 

— ; but — — the semi-azu major — • 1 ; and 

— -> « / wherefore D + rf:D — d : : i : e, and con- 
sequently e Ml ^ = ,0168 by substitution, tbe eccen- 
tricity of the earth's orbit. 

Since the sun's apparent diwoeter is greatest about the be- 
nnning of January, and least about the beginning of July, it 
follows that 9S,129,932ni. X -0168 X 2 ^3,196,366 miles, 
which shows how much nearer the earth is to the sun in winter 
thui summer. 

86. Figure of the Eaeth. That the earth is spheri- 
cal, or nearly so, is not only evident from its shadow 
upon the moon in lunar eclipses, which shadow is always 
bounded by a circular line, but also fi^m the many cir- 
cumnaTigators who have sailed round it at different times, 
and the observations of persons at sea or on the shore, 
in viewinsr a vessel depart from them ; they first lose sight 
of the hiul, while they can see the rigging and topsiuls ; 
but as she recedes farther from them, they gradually lose 
sight of these also, the whole being hid by the convexity 
of the water. 

Se. What >re the ^estert tad least apparent diametara <^ the aim t 
Ymm these determuie the eccentricity of the earth's orbit. How much 
nearer is the earth to the sun in winter thaji eummer t 

66. What is the figun of the eartht From «h&t tacte is it eridnt 
that the earth in spherical, or nearly so I 
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87. Thb Earth is an Oblate Sphekoid. Though the 
earth may be considered as spherical, yet it has been dis- 
covered that it is not truly so. This matter was the 
occasion of great disputes between the philosophers of 
the last age, among whom Sir Isaac Newton and James 
Cassini, a French astronomer, took the most active part 
in the controversy. Sir Isaac demonstrated from me- 
chanical principles that the earth was an oblate spheroid, 
or that it was flatted at the poles, the pdar diameter or 
axis being shorter than die equatorial diameter. The 
French astronomer asserted the contrary, or that it was 
a. prolate spheroid, the polar diameter being longer than 
the equatorial diameter. 

The French king, in 1736, being desirous to end the dis- 
pute, sent out two companies of the ablest mathematicians 
then in France, the one towards the equator, and the other 
towards the north pole, in order to measure a degree of a 
meridian in these different parts. From the results of 
their admeasurements, the assertions of Cassini were re- 

^'ected, and those of Newton confirmed beyond dispute, 
therefore, since that time the form of the earth has oeen 
considered as that of an oblate spheroid, that is, of a solid 
such as would be generated by the revolution of a semi 
ellipse about its minor axis. 

68. DiAHBTEE OF THE Earth. From the moat accurate 
measurements it has been found that the equatorial diam- 
eter of the earth is 7925 miles, and the polar diameter or 
axis, 7899 miles, the difference, being 36 miles, is about 
yyj of the equatorial diameter, called the eUipticity or 



81. !■ the enrtb truly Bpherksl I Wh>t did Sir Isaac Newton demm- 
llral« oraicerning it ( What were the assertions of Cassini on this subject t 

What was dfHiei and when, in order to aocertain its true form I What 
followed the results of these admeaaurementB I What has the fbrm of 
the earth been cunudered aince that time t 

BB. How long are the equatorial and polar diameters of the earth res- 
pectivelj ) What part of the equatm'ial diameter is the difference, and 
what called I What is aaid of this difierence, and the onevenness of tha 
•arth's nir&cet 
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oblateness of the earth. But this difiereoce b so smaD, 
and the unevenness of the surface, arising from moun- 
tains, hills, &.C., so inconsiderable, when compared with 
the macDitude, that in all practical sciences we may con- 
sider the earth as a sphere ; and hence, the artificial 
globes, being made perfectly spherical, are the best repre- 
sentations of the earth. The mean diameter is therefore 
7912 miles, the radius 3956 miles, and the length of a 
degree of a great circle, 69 miles. 

89. A Tebbestbial Meridian is an Ellipse. Let 
E P Q P represent an ellipse. It is evident thai the curva- 
ture of the arc E P diminishes from the extremity of the 
axis major to that of the axis minor, or from E to P, and 
as the curvature of the arc decreases, the radius of that 
arc increases ; hence, the length of a degree on the arc 
E P, will increase from E to P. Now, from the most 
accurate measurements this is found to be the case of a ter- 
restrial meridian from the equator to the pole ; and &om 
the different lengths of a „ 

degree in different lati- 
tudes, it is proved that a 
meridian is an ellipse, or 
nearly so. If the eemi- 
ellipsePEF were to re- 
volve about P P, ita'*' 
minor axis, it would gen- 
erate a solid called an 
oblate spheroid, such is 
the form of the earth. 
When the revolution is 
made about E Q, the axis major, the solid is called a pro- 
late spheroid. 

I Earth. The eccentricity of the 




90. EccENTRicnr o 



Bov long is tha meoii diameter t The radios t A degree of a great 

80. DraT .the diagrun, and show how it ia detarauned that a t«iTestri»l 
meridian is an ellipse. 
90. Define what i« nndentood hj the eccenlricit; of the eartb. 
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earth is the difference between its centre and (me of the foci of 
ftn elliptical meridian. Thus let C (see last fig.) be the centre, 
and F one of the foci of the ellipse E P Q P'. then will F C = 
the eccentricity. If the equatorial radiua E C =- 1, we will 
have by the propertr of the ellipse F P ^ E C ^ 1, and by 
the oblatenes a of the ea rth ( 88). CF =. 1 — jj^, = ^|J ; 
bat F C = VF P« — C P' = V 1— (111)' = VjJ} ■= 08091 
= the eccentricity, the radiuB of the equator being unity. 

91. Rotation on the Axis. The earth revolves once 
on its axis from west to east in 23h. 56m. 4s. which is the 
time that elapses from the passage of any fixed star over 
the meridian till it returns to the same meridian again. 
This motion of the earth, which is the most equable in 
nature, causes all the heavenly bodies to have an appa- 
rent diurnal motion in the same time, from east to west, 
making the vicissitudes of day and night. Besides the 
motion of the earth in its orbit (84), which is common to 
every place on its surface, the inhabitants of the equator 
itie carried from west to east 1037 miles per hour by the 
daily rotation of the earth on its axis. Thus 



7925 X 3.1416 



1037 miles. 



92. Inclination of thb Axis and Sbabons. The 
earth's axis makes an anele of 33° 28' with ^e axis of 
the orbit, and preserves the same oblique direction durii^ 
its annual course, or keep always parallel to itself; 
hence, during one part of^ the earth's course, the north 



g the ndios of Uie eqnatM* equal to unity, utd knowing tlie 
oUateiWBs, detennine &e ecceutiici^. 

ei. la what time doea the earth Tevolve <hi its axis t Wliidi is the 
most eqaable motion in nature t What causes all the beaTenlj bodies to 
have an apparent diumsl motion bom east to west t On what do the 
vidseitadeB of day and night depend ? How far are (he inhabitants of 
Qu equator earned per hour bj the totatioD of the earth on its acs I 

92. What angle does the earth's axis make with the axis of the orbit t 
What does the axis preserve during the earth's annual coarse t What ia 
the eoDsequence of the axis preeerving ita parallelisin ! 
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pole is turned towards the sun ; and during the other part 
of its course, the south pole is turned towards him in like 
maDner. This change in the position of the poles with 
regard to the sun, causes the variations in the lengths of 
days and nights, and the diflerent seasons of the year. 

Let S represent the son, A B C D the earth's orbit, made 
sensibly elliptical, aadp p" the earth's axis making an angle of 
23° 28', with the line a b passing through its centre, and per- 
pendicular to the plane of the orbit or ecliptic. The sun illu- 
minates half of the earth's surface at the same time, hence, the 
boundary of light and darkness, called the circle of illuminatifm, 
is a great circle (d). It is evident that the plane of this circle 
will be perpendicLdar to a line drawn from the centre of the 
aim to the centre of the earth, called the radius vector. 

When the earth is in Libra at A, the sun will appear in Aries, 
his polar distance being 90° (16), and the angle pcS, which 
measures this distance, must be a right angle, hence the circle 
of illuminatioa will pass through the poles p and p", and con- 
sequently ffill not only bisect the equator, hut all the parallels 




Wliat doeg tliis change in the pomliaQ of the poles with r^srd to the 
nm iMoe t Draw the diagram, and fitUy illiiatrale the cause of the 
▼■nation* in the lengths of the day and mght, and the difierent seaaoM 
^ the year, 
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of latitude (7, 14) ; ftod as all places on the Burfaoe of the 
earth during one rotation will be as long on one ude of the 
circle of iUuminatJoa as on the other, it follows that when the 
dun enters Aries, or at the time of the vernal equinoi (13), be 
ehineB from pole to pole, and all the inhabitants of the earth 
have equal daj ana night. In this positjon of the earth, the 
circle of illumination vriU appear to the eye, placed in the plane 
of the ecliptic at a distance below the figure, as the drcle 
pap'b. 

While the earth advances from Libra to Capricorn, the angle 
p e S decreases, causing the north pole p to turn towards the 
ana, and the south pole p' from him, hence the circle of illnmi- 
nation will cut the parallels of latitude unequally, and there- 
fore the length of the days in the northern hemisphere will 
continue to mcrease, and the length of those in the southern 
hemisphere proportionaUy to decrease. When the earth enters 
Capricorn at B, the sun will appear to enter Cancer, at which 
time the angle^c5will be the least, or 68° 32', and conse- 
quently the inclination of the axis to the planeof the circle of illu- 
mination will he the greatest, or 23° 28 , equal to ^ e a, the obli- 
quity of the ecliptic ; hence, when the sun enters Cancer or at the 
tune of the summer solstice (13), the inhabitants of north lati- 
tude have their longest day and shortest night, and those of 
south latitude, their longest night and shortest day. At this 
time the whole of the north frigid zone (28) will hare constant 
day. and the whole of the south frigid zone constant night. In 
this position of the earth the circle of illumination appears as 
the straight line a b. As the earth advances from Capricorn 
to Aries, the angle p c S increases, and consequently the length 
of the days in the northern hemisphere will decrease, and the 
length of those in the southern hemisphere will increase. 
When the earth enters Aries at C, the sun will appear to enter 
Libra, and then the angle pe S will be 00° ; hence, at the time 
of the autumnal equinoi, all the inhahitants of the earth will 
twain have equal day and night. In this position of the earth 
the dark hemisphere is turned towards the eye. Thus from 
the vernal to the autumnal equinox, it will be constant day at 
the north pole, and constant night at the south pole ; and in 
other parts of the north and south frigid zones, the time of 
continued day in the one and continued night in the other, will 
Tary from 24 hours to six months, bemg longer as the latitude 
of the place is greater. 
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AgMD, as the earth Bdvances through the other part ot iU 
orbit, or from Aries to libra, the angle pc S will be greater 
than 90°, hence during this period, or from the autumnal to the 
vernal equinox, the north pole will be turned from the sun, and 
the south pole towards him, causing the night to be longer 
than the day in the northern hemisphere, and the day longer 
than the night in the southern hemisphere. When the earth 
enters Cancer at D, the sua will appear to enter Capricorn, at 
vhich time the angle ^e S will be the greatest, or 11S° 28', and 
the inclination of the axis to the plane of the circle of illumi- 
nation will again be equal to the obliquity of the ecUptie ; 
hence, when the sun enl«rs Capricorn, or at the time of the 
winter soletlce, the lengths of the day aod night are the reverse 
of their lengths when the sun enters Cancer, or at the time of 
the summer solstice. Lastly, when the earth enters Libra the 
waa will again appear to enter Aries, and the circle of illumi- 
nation will pass through the poles ; hence, from the autumnal 
to the vemd equinoi it wiU be constant night at the north polo, 
and constant day at the south pole. At all places situated on 
Hie equator, the lengths of the days and nights throughout the 
year are equal, being 12 hours each, because the equator, being 
a great circle, is bisected (Q) by the circle of illumina^on. 

93. Abtkonomicai. Sign. Astronomers call the earth 
Tellus, the astrooomical sign of which 9 represents the 
terrestrial globe with its equator and axis. 



CHAPTER IX. 

TB« MOOK, — > 

94. Rkmahsb. The moon is the nearest celestial body 
to the earth, and the next to the sun, &om appearance, 
in splendor. Her apparent motion, like all the heavenly 



9B. Deacribe tlie utrmoiaical sign of tbe earth. 

94. Vludi ■ ths naaTMt ceUatul body to the earth I 
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bodies, is from east to west caused by the rotation (^the 
earth on its axis in a contrary direction. By observing 
her motion among the fixed stars, we will perceive that 
it is from west to east, and that in a period of time a little 
less than a moDth, she will have completed her circuit 
in the heavens. This motion of the moon round the earth 
is real ; besides which, she accompanies the latter in its 
annual revolution round the sun. The moon is a secon- 
dary planet, and the earth's satellite. 

95. StDEKiAi. Revolution. It was observed in the 
last article, that the moon revolves round the earth from 
west to east, or from any one point in the heavens or 
fixed star to the same again, in less than a month. The 
exact time of this revolution is 27(f. 7A. 43'n. &s, which 
period is called the moon's siderial revolution, or the 

Eeriodic month. The siderial revolution is determined 
y observation. 

96. SvNODicAL Revolutiom. The synodic revolution, 
or the time that elapses between two consecutive con- 
junctions or oppositions of the sun and moon, may he 
deduced from the siderial revolution. 

Let £ represent the earth, and m the moon in conjunc- 
tion with S the sun. After the lapse of a sidertal revo- 
lution, the earth will have advanced in its orbit to E', 
and the moon to m', or the same longitude as when at m ; 
the line joining £ and m being parallel to that joining 
£' and m', because two lines, supposed to be drawn from 
any two points of the earth's orbit to a fixed star, are 
sensibly parallel, on account of the immense distance to 
that star. 

yrhai a the apparent nntioD of the mocai, and ty what esowd I In 
what time, and in what direction, does tite complete her circuit in the 
beaTcni I Is this motioD round the eaiih, real t Beeidce this, what other 
motion haa she t li the morai a secondary planet! Of what planet ia 
■be the satellite t 

9S. What is the exact time of the 'mooa'e reTolntian round Qis earth, 
and what called t How is the mderisl revolution determined ^ 

SS. Defina th» synodic reTdution. Kvm what may it be deduced t 
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Now it is evident, before 
another junction can take 
place, the earth will have 
moved to E", and the moon 
to m", as represented in the 
ligure. When the sun and 
moon are in conjunction, 
theif longitudes are equal ; 
and before another conjunc- 
tion can occur, the excess 
of the moon's motion in lon- 
gitude over that of the sun's, 
must be 360°, or one circle. 

Thus put P — the periodic revolullon of the earth 
and P ^ that of the mooo, also in days. Then — 

— - — the mbau duly motion of the sun in longitude. 




1 days. 



1 



— then 



n duly moljon of the moon io lon^tude, 
1 1 p p' 

yi p pp — *•*« <*^y g™ °^ *^^ '°°°' 

motion in longitude over that of the sun. Hence — 
Id.: 



P'P 



P — P' 
P'P 

By substituting, in the fourth term of this proporti<Hi, the 
values of P and P", we obtam 29d. ISA. 44tn. nearly, for the 
synodic revolution, or the time that elapses from one change 
to anollier. This interral from new moon to new mom agam, 
is called a I/unar Afonth, aod sometimes a LunaUon. 

Th, ™lue of 4- or^ ?55^ _ .6' 8- 

P P 365.2564 

gives the sun's mean daily motion in longitude ; and 



Draw the dugram, and expluo the prindples od which the ajao^ time 
dependB. Trtmi Ote periodic or siderial iimea of the eutb and moon, de- 
dooe the Bjao£c TevolatkiD. What u this interral from oevr motxi to 
new KKK» again, called t What ii the amooat oT the nm'i mean dailj 
motion in longitude I Whai tiiat of Um mooi^a t 
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1 860" sao" ,„<,,^, „,„ 

^ves the moon'e meftn daily motion in longitude. Hence, 
IS" W 35" — 59' 8" = 12" 11' 21" the moon's daily gain in 
longitude over the sun. 

97. Distance. The moon's mean equatorial parallax 
has been found equal to 57' 1" (55). 

Let A C represent the equatorial radius of the earth, or semi- 
diamet«r at the equator, and m the moon ; join A m and C n>. 
Then from C the centre, the modn will appear at c, her true 
place ; and from A, a place on the equator, she will appear at 
a, her apparent place. 

In the right-angled tri- 
angle A C m, right-angled 
at C, we hare the angle i 
A m C = ffl m e = 57' 1" I 
== the difference between ' 
the true and apparent place 
of the moon, viewed from the equator when in the horizon or 
the equatorial horizontal parallax, and A C — the equatorial 
radius of the earth=r=ltofindA m — • the moon's mean dis- 
tance from the earth. Therefore — 

as une A m C, 57' 1" ar. co. . . 1.7802920 
is to Radius, 90" . . . . 10.0000000 
so is A G l,r, 1 O.OOOOOOO 



to A m, 60.2034 r ... 1.7802920 

Then 60.2934 X 3962.5nt. (8S) = 238,913 miles, the mean 
dutance of the moon from the earth. 

Or, according to the formula in Article 5S for finding the 
sun's distance, we have — 

Radius 206264" 

A » = ^i- ' = ^jjpr- -• = MMSl '., 

a result equal to that found above by tiigonometrical calcu- 



i^. What ia tlie atnount oF the moon's mean equatorisl parsUai I De- 
Kiibe ttw panlUz by meajia of the diagram. Knowing; the parallax 
and the eqaatwial ndtoe of the earth, find the mooD'a moui diatuice fram 
&» taittt to miles. Give auotlter method of finding her diatanoi. 
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98, Apparent Diahxter and Maonitude. The ap- 
parent diameter of the moon at her mean distance is 
81' 7", and her equatorial horizontal parallax 57' l", or 
the angle which the earth's semi -diameter subtends, as 
seen from the moon ; therefore 57' 1" X 2 = 1° 54' 2". 
the apparent diameter of the earth, as seen from the moon. 
Then 1° 54' 2" : 31' 7" : : 7925m. : 2183 miles, the moon's 
diameter. Hence — 

which shows that the earth appears thirteen limes as 
large to the moon, as the moon appears to us ; and — 

I 2162 J **' 

making her magnitude or volume jV *'iat of the earth. 

90. Phases of the Moon. Let E represent the earth, 
S the sun, and ab c, &c. the moon in different parts of 
her orbit. 

Since the moon is an opaque body like the earth, and 
consequently shines by reflecting the light received from 
the sun, she will disappear when at a in conjunction, hav- 
ing her dark hemisphere towards the earth, it being new 
moon, or at the change. AHer she has advanced m her 
(^bit to b, a portion of her enlightened hemisphere on the 
right will be turned towards the earth ; and as this is 
contained between the circle of vision and circle of illu- 
mination, it will evidently present the appearance of a 
crescent, the convex part being towards the sun, and the 
horns towards the east. Such will be the appearance of 
the moon when first seen after the change. When the 
moon has advanced to c, or 90° from the sun, the circle 
of illumination will present the appearance of a straight 



98. That i( the apparent diameter of the moon at her maan distsoMt 
FVom the apparent diameter end equatorial hoiizontal parallax, find the 
real diameter. Eo« much larger does the earUi appear to the moon 
than the moon does to ns. and boir Cbmid ! How <kiei her Tdume ecan 
pare with that xlt the earth, and how found I 
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line, and consequent- 
ly she will appear as 
a semi-circle, Sheis 
now said to be in her 
Jirst quarter. When 
at d, the circle of illu- 
mination will be i>n 
the left, and conse- 
quentty more than 
the half of the en- 
Ir^tened hemisphere 
will be visible. The 
form of her enlighten- 
ed disc is now said to 
be gibbous. At e, in 
opposition, the whole 
of the enlightened 
hemisphere will be 
turned towards the 
earth,aDd consequent- 
ly she will appear like 
a complete luminous 
circle, which we then 
call full moon. 

As the moon ad- 
vances from opposi- 
tion eastward in her orbit, a part of the dark hemis- 
phere will be turned tov^axds the earth, and she will 
become deficient on the western limb, which will now 
be bounded by the circle of illumination. When &t f g 
h, she will present the same phases in order, but reversed, 
M at deb. At g, or when 90° from the sun, she is said 
to be at her last quarter, and a^n her enlightened disc 
will appear as a semi-circle. The interval from new 
moon to the first quarter, and from the first quarter to 
the frill, is each about 7^ days. A corresponding time, 




I. Drnr the diagnnv ud riww Uie diffecent phaan of Uie m 
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elapses {rom full to the last, quarter, and from the last 
quarter to new mooD again. 

When the moon is first seen after the change, the line con- 
nectiog the horns will be differMtly molined to a vertical tnrcle 
at difierent seasons of the year. Thus about the time of the 
▼emal equinox, the line connecting the horns will be most in- 
clined to a vertical circle, because this portion of the ecliptic, 
in which the moon is nearly situated, makes with the western 
horizon the greatest angle. 0n the contrary, about the time 
of the autumnal equinox, the new moon will appear most erect, 
or the line joining her horns the least inclined to a vertical circle. 

100. Dark fakt of the Moon's Disc, vibiblb. When 
the moon is lirst seen after the change, nearly the whole 
of her dark hemisphere is turned towards the earth ; and 
although this part of the moon is not immediately en- 
lighted by the aun, yet by the reflection of the sun's light 
from the earth to the moon, and from the moon again to 
the earth, it becomes partially visible. 

At the change, the moon receives light from the whole 
of the earth's enlightened hemisphere; but as she ad- 
vances in age, she will receive less, because less of this 
enlightened hemisphere will be turned towards her ; and 
this secondary light will be farther diminished, in conse- 

3uence of the increased size of the illuminated part of the 
isc. Kence this phenomenon will entirely disappear 
before full moon. 

101. The Eakth as been fbom the Moon. If the 
two preceding articles have been well understood, it will 
be obvious that the earth, as seen from the moon, will 
assume, in the course of a lunar month, all the phases of 



What ia Bud of a line coonecting the DKKm'a homi, when £rat seen 
After tha change, at diflereot eeesom of tlie jew 1 

100. ExpIuD the cause why tbe du'k part of the moon, when first seer 
after the diange, is partUlly viaible. Wliy does this phenameuon entirely 
difiappear bebre full moon ) 

the course of alonar maath, u aeen 
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the latter body as seen from the former. It is also evi- 
dent that when it is new moon, the earth will appear to 
the moon a splendid full moon, thirteen times as large 
(98) as the moon when full appears to us. At any par- 
ticiilar time the phase of the one body will be the oppo- 
site that of the otner. 

102. Inclination of thb Okbit and place of thb 
Nodes. The moon's orbit is not in the plane of the 
ecliptic, but is inclined in an angle varying from 5° to 
5° 17'. From a series of latitudes and longitudes, deter- 
mined from the moon's observed right ascensions and 
declinations, we find the inclination of her orbit and the 
[dace of her nodes. The greatest of these latitudes will 
be the inclination of the orbit ; and when the latitude is 
zero, and changing from south to north, the longitude will 
be the place of the ascending node. The opposite point 
of the ecliptic will be the place of the descending node. 

Thus, let N A n, represent the ecliptic, and N B n, the 
moon's orbit referred to the 
celestial sphere. Since the 
two great circles bisect each 
other in the points N and , 
R, it is evident that the arc 
A B, of a great circle will 
measare the greatest lati- I 
tude (18), when described 
about N as a pole, and conse- \ 

3uently will measure the angle 
L*N B, or the inclination of 
the orbit to the plane of the 
ecliptic. When the latitude 
is zero, or when the moon is 
at N or n, the longitudes will ^ 

evidently be the position of the nodes. N being the ascending 
and n the descending node. 




What ia >lso endent in relation to Ihia matter I What is i»id of the 
phase of the ooe bod;, compared viSx that of the oUier, at the same time I 

102, What ia the inclinatioa of the moon's orbit to tlia plana of tha 
•etiptic T From what are the indinatioa and place of the nodes found t 
Explain these principles b; the diagram. 
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OF THE MOON. 91 

103. Rbtkoorade Motion of the Nodes. The moon's 
nodes have a retn^ade motion, amounting to about 19° 
20' in a year, and consequently making a complete tropi- 
cal revolution in 6796 days ^ I8y. 224cf. This varia- 
tion of the nodes, which is not quite uniform, is found 
from their repeatedly determined longitudes. 

104. Same Hehibfbebe of the Moon always seen, 
AND Rotation on the Axis. By observing attentively 
the moon's surface and the position of the spots thereon, 
we find that nearly the same hemisphere is always turned 
towards the earth, and hence, as she revolves in her orbit 
from west to east round the earth in 27(2. 7A. 43in. 6s., 
'05) she must necessarily make a rotation on her axis 
Tom west to east in the same interval of time. Hence, 
also, the inhabitants (if any) of that hemisphere turned 
from the earth, will be deprived of a sight of this, our 
planet. 

105. Inclination of the Axis, Seasons, and Days. 
In the preceding article, we noticed that the moon 
always presents the same hemisphere to the earth with 
but slight variations. These ^variations are not found to 
arise from any want of uniformity in the motion on her 
axis, but from the irregularity of motion in her orbit, and 
the inclination of the lunar equator to the plane of the 
ecUptic. 

From accurate observations on the slight change of 
position of the lunar spots, it is ascertained that the axis 
of the mooD, which maintains its parallelism, makes only 
an angle of 1° 30' with the perpendicular to the plane of 
the ecliptic, consequently she can have but little or no 

103. Do Uie mcKHi'B nodea r§ij I What ia the amount of Uiis voriBtJoo 
in a year t In vhat time do the; nudie a complcta rerolutiDD I From 
«h<it U this TBiiatiui of the nodea found t 

104. What vill we find by observing attentiTelj the moon's eurhce, 
and the position of epota Aereoo I What are the consequence! of this ) 

lOI. Doe* the idochi always jvesent the Mine hemispbere to the earth 
witboat any TariatioD^! Fima what do theae Tariations arise I What ia 
a of theuii,Midbi>waaeertaii>edt 
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diversity of seasons, or of length of days. It is also 
found that the intersection of the plane of the lunar 
equator with the plane of the ecliptic, is always parallel 
to the line of the moon's nodes. And since the moon 
revolves on her asis exactly in the same time in which 
she performs her periodic revolution round the earth, it is 
evident, her siderial day — 37(i. 7A. 43m. .5s., hence, her 
solar day '^29d. 12 A. 44m., the length of the lunar 
month ; and hence, also, the length of lier year is but a 
little more than lai of her solar days. 

106. Moon's Libratiovs. In consequence of the 
irregular motion of the moon in her orbit, at one time 
moving slower, and at another time faster, than her mean 
motion, small portions of her surface on the eastern and 
western edges, will alternately appear and disappear. 
This periodical oscillation oteerved in the spots near 
these edges, is called the moon's libration in longitude. 

Also, in consequence of the inclination of the axis, and 
its remaining always parallel to itself, we will at one 
time see beyond the north pole of the moon, and at an- 
other time beyond the south pole. This alternate change 
in the appearing and disappearing of the lunar spots near 
the poles, is called the moon's libration in latitude. 

107, ECCENTKIOITV OF THE ObbIT. 

When the moon is in perigee and apogee, her apparent diam- 
eterB will then be the greatest and toe least, which are found 
to vary ^om one revolution to another. Of these, the greatest 
is 33' 31", and least 29' 22". The means of the greatest and 
least apparent diameters for one year, are respectively about 
32' 59".6, and 29' 28" ; hence, by using the formula in deter- 

What ia the eonseqaence of this smBll iDclm&tion I Wbat are the 
lengths of Die dderial and boUt d&ys reapectivelif I Wliat ia tlie length 
of het year ? 

lOS. Deaeribe the moral's litnnticRi in longitude. Desciibe her libratian 
in latitude. 

XWl. When has the moon the gre>t«et and least apparent diameters? 
Do these varj from oaa rerdlation to another I nroin Uie means of the 
greatest and leaat qiparaiit diametui, deduce the eecentridty of her orbit 
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fnlning the eccentricity of the earth's or\At (85), we hare 
< ^ — ,066, by subatdtuting the values of D and d. 

Or the perigean and spogeon distances may be found from 
^e greatest and least parolTaies (55), and the eccentricity de- 
duced therefrom. 

108. Moon'h Surface and MooNTAwa. When the 
moon's disc is viewed with 
the telescope, numerous 
spots are seen of various 
Miapes and degrees of 
brightness. (See the figure.) i 
The line of illumination is | 
very irregular and serrated, ti 
Bright spots pn the dark 1 
part near this line are fre- ' 
quently observed, which 
gradually enlarge until they 
become united with the en- 
lightened part. From these 

appearances it is inferred that the surface of the moon is 
diversified with mountains and valleys ; and since the 
boundary of light and darkness is always very irregular, 
it follows that the moon cannot have any extensive seas, 
otherwise this line on the surface of water would evi- 
dently be a regular curve. 

The elevations of severa] lunar mount^s have been com- 
puted. According to Dr. Herscbel, the highest does not ex- 
ceed If miles in altitude. Professor Schrceter makes the height 
of some to exceed 5 miles. Several mountain ranges have the 



B7 what other melhod may the eoceotridtj b« found t 
108. Whstare seen oa the mooD'a disc, when viewed with a telsKopel 
What IB said of the line of illomiDatiDO, and of spots oa Oie dark parti 
What is infeired from these appearances t fVom what drcnmstaDoe doM 
it follow, that the moon cannot have hd; extensive seaa 1 According to 
Dr. Herschel, what is the altitode of the highest lunar mounlains 1 What 
doea Schuster make the hnght of some ! What is said of several motin- 
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109. Moov'a Atmosphbrb. The question, whether a 
lunar atmosphere exists, has long been discussed by- 
astronomers. The constant serenity of her surface, 
being without clouds or vapors, the want of a sensible 
diminution or refraction in the light of a fixed star near- 
ly in contact with her limb, and the want of a sensible 
effect on the duration of an eclipse of the sun, have induc- 
ed some astronomers to maiatain that the moon is with- 
out an atmosphere, at l^ast, of such a nature, as apper- 
tains to our earth. 

Notwithstanding, it is maintained by others, that the 
above arguments are not opposed to the existence of an 
atmosphere of a few miles only in height. The celebrat- 
ed Stenographist, SchrtEter, of Lilienthal, appears to 
have been successful in discovering an atmosphere, while 
making some observations on the crescent moon. He 
calculated that the height to which it is capable of aflect- 
ing tlie light of a star, or of inflecting the solar rays, does 
not exceed I mile. 

On the whole, it is inferred that the moon is most pro- 
bably surrounded by a small atmosphere. 

110. Pbenohenon of the Haktest Moon. In north 
latitude, the rising of the moon nearly at the same time 
for several evenings tc^ether after the full moon, about 
the time of the autumnal equinox, is called the Harvest 
Moon. This comparatively small retardation in the 
moon's daily rising, we will now explain. 



t09. 'Wliat ■Tgnmenta are need in bror of the opmion, that the nmoa 
is withoat an atnosfibera t Ara these argnmentB opposed to tha exi»- 
teocs of a lunar atmosphere but a tew milea in bei^t I Who appean to 
have been aucceiiBful in diacoTeriiig sd atmosphere ( On the ^ole, vhat 
ii inferred t 

110. At iriiat time does the mocHi rise &H- sereral erenings t<^etber, 
after (all moon, about the time of the antninnal eqiunos T What ii thta 
peenliir risiDg of the moon called I 
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Since the moon's orbit coincides nearly with the ecHp- 
tic (102), her motion, in a general illustration of the pl^ 
nomenon, may be regarded as in that circle. The dif- 
ferent signs oir the ecliptic, on account of its obliquity to 
the earth's axis, make very different angles with the hori- 
zon as they rise and set, especially in considerable lati- 
tudes. Those signs which rise with the smaJlest angles 
set with the greatest angles, and vice versa ; and, when- 
ever these angles are least, equal portions of the ecliptic 
will rise in less time, than when these angles are greater ; 
and the contrary. 

In northern latitudes, the smallest angles are made 
when Aries and Pisces rise, and the greatest when Libra 
and Vir^o rise ; consequently when the moon is in 
Ksces or Aries, she rises vfrith the least difference of time, 
and she is in these signs twelve times in a year ; and when 
she is in Vii^ or Libra, she rises vnth the greatest ditfer- 
ence. This peculiar rising of the moon, passes unobserved 
at all seasons of the year, except in the months of Septem- 
ber and October ; because in winter, when the moon is 
in Pisces or Aries, she rises at noon, being then in her 
first quarter ; but when the sun is above the horizon, the 
moon's rising is never perceived. In spring, the moon 
rises with the sun in these signs, and changes in them at 
that time of the year ; consequently, she is quite invisi- 
ble. In summer, when the moon is in these signs, she 

With -what drde does the mooo'e orlNt nearly cuinciile I What is taid 
respecting the different ogns of the ecliptic, od account of its obliquitj to 
the earth's axis t With what angles do those ugns set, ^hich rise with 
the least t When do equal pnrtiaDsof the ecliptic rise in less time) In 
nnihem latitudes, ivhat signs make the smallest angles irith the borizrai 
in rising ( What signs the greatest angles I In what signs ia the mora, 
when she rises with the least differeoce of time I And in what when she 
rises with the greatest difference of time I How often is the moon in 
Fisoes or Aries ) In winter, when the moon ia in these sign^ at what 
time does she rise ) What is her a^ then ) Why is her rising not per> 
owved ) In spring, when in these signs, whj is her rising invisible ( Id 
smmner, why does her rising pass unobserred ) And in aatumn, why is 
Alia pIuDomsDeo of ths moan's riuog io very ooospictiow t 
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rises aboat midnight, being Uien in her third quarter, and 
rising so late that she passes unobserved. But in autumn 
when the moon is in these signx, she rises at or about 
sunset, being then full, because the sun is diametricaUv 
opposite to her in Virgo or Libra, answerine to the month 
of September or October, at which time this phenome- 
non of the moon's rising is very conspicuous, which had 
passed unobserved at all other times of the year before. 

In south latitude, the smallest angles are made when 
Virgo and Libra rise, and the greatest when Pisces and 
Aries rise ; so that, when the moon is in Virgo or Libra, 
she rises with the least difference of time ; and when 
she is in Pisces or Aries, she rises with the greatest differ- 
ence of time ; but when the moon is fiilT in Virgo or 
Libra, the sun is in Pisces or Aries, which is about the 
time of our vernal equinox, or the time of harvest in the 
southern hemisphere. Hence, the harvest moons are as 
r^ular in south latitude as in north latitude, but they 
tate place at opposite times of the year. 

By elevating the pole of an artificial globe for the lati- 
tude of the place, and bringing the different signs of the 
ecliptic to the eastern edge of the horizon, these phe- 
nomena may be fully explained and verified. In our 
latitude, the least diflerence in the moon's risings is about 
S5 minutes, and the greatest Ih. 5m. 

111. Astro NOMicAL Sign. The astronomical sign is 
the crescent t or the moon in her first quarter. 



In aooth Iktitnde, irfa»t ngrm make Use sDuUeat tiiKlea in rmug t Whst 
■gm the greatest angles I In irbat signa is the moon, whm she riam witli 
the leaat difference of time in aouth latitude t Wbeo is the moon full io 
yirg« or Libra t What season of the je*l is it then in the southern hem- 
Are the harrest moona aa rejfular in south as in srarth labtudet How 
may these phenomeoa be fiilly explained and verified I What are the 
leUt a-id greatest difiereoces in the moon's rifdiiga, in oar latitode t 
111. Whftt M the arirofxaaicii] dgn of the moon I 
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112. Rbhakks. Mars, the first planet without the 
earth's orbit, appears as a star of the first or secoiui 
magDitude, and is easily distinguished irom the other 
planets by his dusky red light. Mars is sometimes in con- 
junction with the sun, but he was never seen to transit 
the sun's disc. He appears sometimes round and full, 
when viewed with a good telescope, and at other times 
^bbous, but never homed ; therefore, from these appear- 
ances, it is manifest that he shines not by his own light, 
and that his orbit is more distant firom the sun than the 
earth's orbit. When Mars is in opposition, or on the 
meridian at midnight, hia apparent size is much larger 
dian when he is near conjunction, because in the former 
situation, he is but about f as far from the earth as in the 
latter. 

113. Period and Distance. Mars performs his side- 
rial revolution round the sun in 686d. 23h. 30m. 37s. = 

f59355037l»_^ 3.537461503596; 



and V3.537461503596 = 1.5236, the distance of Mars 
from the sun or semi-axis, the earth's distance beings 1. 
Then 1.5236 X 24047 r = 36638 r, the distance in mean 
radii of the earth ; and 36638 X 3956ffl. = 144,930,928 



lis. Which ia the firat pUnet without the earth's OTUtt Wh&t is tha 
appearsnce of Mtjt. sod how distinguished t Was he ever seen to tran- 
sit tie sun's disc f What are his appeanuices when viewed with ■ good 
telescope I What is mamTest from these appearances t Why is hisvp- 
parent Bize much larger when in opposition than when aear conjunctioD t 

118, Id what time does Mars perform his siderial revolution t From 
this deduce his mean distance, tainng the earth's mean distance equal (o . 
ivntr- What ia his distance in miles ! 
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miles, the naeaa distance of Man from the sun. Accord- 
ing to this distance and the periodic time, it will be found 
that the planet moves in nis orbit at the mean rate of 
about 55,000 miles per hour. Also, according to this 
distance, the intensity of the sun's tight at Mars is not 
half its intensity at the earth. 

114. Apparent Diametek and Magnitude. The 
greatest and least apparent diameters of Mara, found from 
observations, are respectively 23" and 3".4. His appa- 
rent diameter wilt evidently be a maximum when at his 
perihelion distance and in opposition, and a minimum 
when at his aphelion distance and in conjunction ; hence, 
23" + 8".4 : 3".4 : : 1.5236 X 2 : .39244, the distance of 
Mars from the earth when his apparent diameter is 28". 
Again, 1 : .39244 : : 23" : 9".026, the apparent diameter 
at a distance from the earth equal to Uiat of the sun ; 
hence, 32' 1".8 : g".026 : : 8e6144m. : 4161 miles = the 

real diameter of Mara. And ^.1454, makine 

the magnitude Irat a little more than \ that of the earth. 

115. Eccentricity op the Orbit. 

Prom the preceding article, the eccentricity of the planet's 
orUt may be calculated within a near degree of the tmth. 
Thus, .39244 + 1 — • 1.39244, the perihelion distance from the 
, 1.6236 — 1.39244 „„. ., ^. .. . ,, 

sun ; and _ .086, the ecoentncity of the 

1.6236 ■' 

ortnt nesiiy. 

116. Inclination OP the Orbit, dec. The inclination 



At ■what rate per hour doM he Dtore si bi« oriait I What m the com- 
pantive tnteontj ot tba nm'B li^t at Hara t 

114. Ifhat il the greatest, and what is the leaat apparent diameter of 
Uari I When will he hsve the greatest and when tJie least apparoDt - 
diameter I 

Tarn tben deduce )us real diameter in miles. What in hie eompun- 
ti*e nu^mtade t 

lis. How inay flie ecoentrid^ of Ihe orlrit af Man be calculated I 

110. What ia At indina&a of the orUt of Han to the ediptic^ and 
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of the orbit of Mars to the plane of the ecliptic is 1° 51', 
and the ascending node 18° in Taurus. He revolves on 
his axis, which is inclined to the axis of the ecliptic 30° 
16', in 24A. S9m. 21s. Hence, this great obliquity of hia 
equator to the orbit, will occasion a great diversity of 
seasons, and a ereat inequality in the Jength of his days 
and nights. The great eccentricity of the planet's orbit 
will cause a great difference in the length of his seasons, 
the spring and summer in the northern hemisphere being 
372, and the autumn and winter 296 martial days long. 

117. Telescopic Appbabanceb OF Mars. When Mars 
is viewed with a good telescope, spots are seen on his 
surface, which retain their size and form, and their ap- 
pearances, with some slight variations of color. Some 
spots are of a reddish color, and therefore conjectured to 
be land, while others are greenish, and thence supposed 
to be water. 

Remarkable white spots (see 
the figure) are often seen near 
ihe poles of the planet. These 
vary in size, and after long ex- 
poHure to the sun, sometimes 
disappear, for which reason they 
are believed to be sdow. From 
observations on these spots, the 
obliquity of the axis to the orbit, 
and the time of rotation thereon, 
have been found. 

118. AsTBONOHicAL Sifii*. The astronomical sigD of 
Mars, i , represents a spear and shield, the emblems of 
war. 

Uie pUce of the node I What is the indiiutJcHi of hia aiia, uu) the time 
of rotHlimi therewi t What will tbi* great obliquitj of the equator to the 
orUt occadOD t What wiU the great eccentridt; of the orbit canse t 
What are the lei^fths of his eeaaons in nuulial iaja ) 

117. Give a deecriptioD of die epota seen aa the surface of Uara. 
Describe particularl; the spots seen near the poles of ihe planet What 
have been fbuitd from obeerrations on these spots ( 

lis. What i* the satrorMHnical ngn of Man ! 
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CHAPTER XI. 



119. Remarks. Tbe planets Vesta, Juno, Ceres, and 
Pallas, of this group, sometimes called Asteroids, have 
been discovered about the beginning of the present cen- 
tury ; the others, within the last three years. Although 
these planets are situated between the orbits of Mars 
and Jupiter, yet on account of their sraallnesa, they can- 
not be seen without tbe aid of a telescope. Their orbits 
cross each other, though not in the same plane. There 
is much uncertainty concerning their actual magnitudes ; 
and the inclinations of their axes, and rotaUoDS thereon, 
have not yet been determined. 

It is the opinion of some f^itosophers, that a large 
planet, which once existed between the orbits of Mars 
and Jupiter, burst in pieces by some internal force capa- 
ble of overcoming the mutual attraction of the fragments, 
and therefore gave rise to these small planets under con- 
sideration. 

120. Vesta. The planet Vesta was discovered by 
Dr. Olbers, a physician of Bremen, in Germany, on the 
29th of Marcn, 1807. She revolves round the sun in 
13254- days, in an orbit inclined to the ecliptic 7° tf, and 
at a mean distance of nearly 325,000,000 miles. Her 
diameter is estimated at only 370 miles. 

121. A^BTKoKOMicAL Sign. On the altar of Vesta, the 
goddess of lire and patroness of the vestal vii^ns, a per- 



119. Niune the ABteroida Where are the; dtanted, vtd wh; can the;' 
not be seel] vithout the ud of b telescope ! Wliat is laidof thetrorUtsI 
What is tlw opioioa of some philoeopIietB oDOcerning their origin t 

ISO. By Tbom aod when waa Testa discoreredt What ia her period I 
Inelinatioii of her orbit I Mean diataoce I Aod diameter t 

)21. What have attcwKVnars adopted aa her agn I 
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petual Aftme was maiDt^ned; hence astronomers have 
adopted an attar, t as her astronomical sign, on which 
a fire is blazing. 

122. Juno. The planet Juno was discovered by 
M. Harding, of Lilienthal, near Bremen, on the 1st of 
September, 1804. She revolves in her orbit round the sun 
in 1593 days, at the mean distance of nearly 254,000,000 
miles. Her orbit, which is very eccentric, is inclined to 
the ecliptic in an angle of 13° 2. The diameter of Juno 
is stated to be 460 miles. 

123. Astronomical Sign. Juno, the queen' of the 
heavens, has for her astronomical sign, 8 , a mirror 
crowned, with a star, the emblems of beauty and power. 

124. Cekes. Peres was discovered at Palermo, in Si- 
cily, by M. Piazzi, on the 1st of January, 1801. She 
performs her revolution round the sun in 16B4 days, at 
a mean distance from him of about 363,000,000 miles. 
Her orbit, which is inclined to the ecliptic 10° 87', is but 
moderately eccentric. The diameter of this planet is 
given equal to that of Juno, viz : 460 miles. 

125. AsTEowoMioAL SiQN. The astronomical sim of 
Ceres, the goddess of com and harvests, called Bona Dea, 
is a sickle, 3 , the instrument of the harvest. 

126. Pallas. Pallas was discovered at Bremen, by 
Dr. Olbers, the discoverer of Vesta, (120), on the 28Ui of 
March, 1802. She performs her revolution round the sun 
in 1686 days, at the mean distance from him of about 
283,000,000 miles. The eccentricity of her orbit, which 



1S2. B; whom and when wag Juno diacortfedt What iahtx period I 
Ifean distance I Inclioaticra of the otbU t And diameter t 
13S. What is tbe twtronomical cdgn of Junol 

124. By whom and when wia Oer«g discorered I What is her period! 
Ife«n distance I Inclination of the orbit t And diameter t 

12t. What is the astroiunmcat aign of Oerea t 

125. By whom sod when was Pallas discovered! Wlutig berperiodl 
Ifean dislnnce! IncliDHtion of the orbit, an~ 
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IB iadined to the plane of the ecliptic 34° 35' nearly, is 
i the semi-axiB or mean distance from the sun. Lamont 
has stated the probable diameter of Pallas, which is the 
largest of the nve, to be 670 miles. 

127. AsTEONOHicAL SiflN. Fallas, the reputed goddess 
of wisdom and war, has for her astronomical sign, $ , 
the bead of a spear. 

128. AsTRAA, Hebe, Fi^BA, Ibis, AND Metis. Astnea, 
the fifth Asteroid, was discovered by Mr. Hencke, of 
Dresden, December 15th, 1845. This planet revolves 
round the sun in 1566 days, in an orbit inclined to the 
ecliptic 7° 45', and at a mean distance of 253,000,000 
miles. 

Mr. Hencke, the discoverer of Astrea, discovered, on 
the 1st of July, 1847, the sixth Asteroid, called Hebe. 
It resembles in appearance a star of the ninth magnitude. 
Mr. Hind, secretary of the Royal Astronomical Society, 
England, soon after the discovery of Hebe, added Flora 
and Iris to the same family group. And lastly, on the 
25th of April, 1848, Mr. Graham, of Mr. Cooper's Obser- 
vatory, Markee Castle, Sligo, discovered Metis, the ninth 
Asteroid. The elements of these four planets have not 
yet been computed with sufficient accuracy, to warrant 
their record. Several other Asteroids may exist. 

129. Abtbonomical Sion op Abtxaa. A star, *, is 
the astronomical sign of Astnea, the goddess of justice. 

130. Ultra- Zodiacal Planets. The great inclina- 
tions of the orbits of Juno, Ceres, and Pallas, to the plane 

How doei PallaB compare in nugmtade with Uie djter Mterndi t 
Wlut k her diameter acocnliiig to lAmoDt t 

IST. Wlut ii the urtroDomical aigD of Pallaa ? 

12S. What is said of Astcsst By whom diacorered. aod when) 
What ia her period t IncliDatiim of the orUt t And meui diatance ) 
' Who discovered Hebe, and vbeo t Who diaoovwed Flora and Ins I 
When WW Uetia, the nioth Anterdd. dtBCovered and bj whomt 

lae. Wh&t ia the aatroDomical aign of Attrsal 

isa What planets ara called iiltr»«adiacal, and on what aocoimt I 
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of the ecliptic, being respectively 1S° 2', 10° 37', and 
34° 35', will cause that they are found, sometimes, beyond 
the limits of the zodiac (10) ; and hence they are called 
ulira-zodiacal planets. 



CHAPTER XIL 

lOPITKB "H AND HIB HATEtLITEa, 

131. Rbmabkb. Jupiter, the largest of all the planets, 
and the most brilliant in appearance, except sometimes 
Yenus, may, on those accounts, be distinguished by his 
great m^nitude and peculiar brightness. When Jupiter 
IS opposite to the sun, that is, when he comes to the me- 
ridian at midnight, he is then nearer to the earth than he 
is for some time before or after conjunction ; and conse- 
quently, at the time of opposition, he appears lai^er and 
shines with greater lustre than at other times. Some- 
times Jupiter appears nearly as large as Venus, though 
his nearest distance from the earth is fifteen' times the 
nearest distance of Venus from our planet. 

132. Period and Distance. Jupiter performs his si- 
derial revolution round the sun in 4332if. 14A. 2m. 8s. = 
1 ly. 314rf. 22A. of our time, which reduced, is 374335328s. 

r 37433^326 1 -8- 
Hence, „ „ .- ■ = 5,202, the semi-axis of the 

orbit, supposing the earth's mean distance equal unity. 



IBl. Which » the largest of all tlie plaoeta t How m»,j Jupiter ba 
distiiiguiahed I When does he appear larger, uid shine wtlh greater 
liutre. thaa at other times. What la said of his appearance Bometimei, 
compared with the appearance of Venus t 

182, Whatis the time of Jupiter's sideiialreTolulioa I From the aide 
rial rartJnticm, deduce the semi-Biis of his orbit, 
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Therefore, 95,I2g,982tn. X 5.202 = 494,80&,9O6 miles, 
the mean distance of Jupiter from the sun. And 4SSZd. 
14A. :1k.:: 494,866,906m. X 2 X 3.1416 : 30,600 miles 
nearly, the hourly mean motion of Jupiter in his orbit. 
Also, (5.302)* — 37, which shows that the inteosity of 
the sun's light at Jupiter is but Vt '^^ i^ intensity at the 
earth. 

133. Apfabent Diambtes and Magnitude. Accord- 
ing to the best observations, Jupiter's apparent diameter 
when in opposition, is 45" .9 ; hence 1 : 5.303 — 1 : : 
45".9 : 192". 87 = Jupiter's apparent diameter at a dis- 
tance from the earth equal to that of the sun. Again, 
32' I".8 : 192".87 : : 886,144^. : 88,932 miles, the real 
diameter of Jupiter. And 

= (11.2)» = 1404.928, which shows that 

Jupiter's volume is about 1400 times that of the earth. 

134. Inclination op the Orbit, etc. Jupiter's orbit 
is inclined to the ecliptic l" 18' 51", and the ascending 
node is 8° 26' in Cancer. He revolves on an axis, which 
is" nearly perpendicular to the plane of his orbit,, in 9A. 
&5m. 50s. Jupiter is much more flatted at the poles than 
the earth. This oblateness, which is stated to be ^V of 
his equatorial diameter, is owing to his great magnitude, 
and the rapidity with which he revolves on his axis. 

Since the axis is nearly perpendicular to the orbit, his equa- 
tor and orbit will nearly coindde ; hence, he vill have no di- 

'Wiiai, is his mean diatutce in milea 1 From the mean diHtance, flad 
bw hoatlj iaeut taotiMi in the orbit. Wha^t is the comparatJTe inteosity 
of the bod's light at Jupiter t 

ISS. What is iha apparent diameter of Jupiter vhen in oppoaition I 
From this, determine his apptueat tUanteter at a diRtance equal to that 
of the sun, and flieoce Mb real diameter. What is hia valume, compared 
with that of the earth t 

134. What is the inclinatioa of the orbit of Jupil«r, and the place of 
the node t What ia the incUnalJon of his axis to the plane of the orbit I 
In what time docs ha revolve on hia aiie I What ia said of the great 
oblataness of the planet, and to what is it owing I 
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Terehy of seasona, and no change in the length of the days and 
nights. It htts been shown (132) that the intensity of the sun's 
light at Jupiter, is only -^ of its intensity at the earth ; but 
the quick returns thereof, and the four satellites which attend 
hirn, compensate for the deficiency. 

135. Belts of Jupitbr. 
When Jupiter is viewed 
through a telescope of suffi- 
cient magnifiy ing power, hi s 
disc is o^erved to be cross- 
ed by obscure stripes or 
bands, which, although al- 
ways parallel to the equa- 
tor of the planet, are subject 
to many changes both as to 
appearances and number. 
These are called the Belts 
of Jupiter. (See the figure.) 
The belts sometimes retain the same appearances for seve- 
ral months, but occasionally marked changes take place 
in them in the course of a tew hours. Dark spots nave 
often been seen on these belts, by the motion of which 
the planet's rotation has been ascertained. 

Tarious opinions have been entertaued concerning the cause 
of the belts of Jupter. They are generally supposed to be the 
body of the planet seen through interstices of a cloudy atmos- 
phere, caused by the great velocity of the dium^ motion of 
the pliuieL The spots are supposed to he on the body of the 
planet, and to becoAe visible only when immediately below 
one of these interstices. 

IS6. Abtkoitohioal Siqm. The astronomical sign of 




Wh;liM^ ttodivMi^ of teMDOi, and no change in tlie length irf the 
days aod nighta I ' 

155. Describe the belte of Jajuta'. What have oft«n been eeen im 
these belle, and what ascertained from thrarmotion I What are the bdl* 
generally ioppMadV) be I What, tbeapotet 

156. Deecnbe t]ie MtnatamieBl sign of Jnpitcr. 
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Japiter, H, appeore to be a modificatioQ of the letter Z, 
the initial of Zeut, the name of Jupiter among the Greeks. 

137. Satellites or Jufiteh. Jupiter has four satel- 
lites or moons, which revolve round him in short periods 
of time, and at corresponding small distances &om him. 
These satellites are invisible to the naked eye, but they 
can be seen through a telescope of moderate power. 
Galileo, the inventor of telescopes, discovered them in 
the year 1610. Their orbits, which are nearly circular, 
coincide very nearly with the equator of Jupiter ; and 
since his equator is nearly in the plane of his orbit, which 
makes but a small angle of inclination (134) with the 
plane of the ecliptic, it follows that they cannot deviate 
far from the last plane, and therefore they will always 
appear nearly in a straight line with each other. 

188. Periodb and Distances. 

The siderial revolutiDiis of Jupiter's aatellites round their 
primary, aad their distances from him, are as follow : 

SAT. D. H. M. B. MILES. 

1, uderial rev. 1 18 27 36 distfromj. 269,159 
a, " " 3 13 13 42 " " « 428,244 

3, - " " 7 S 42 83 " " " 683.085 

4, " " 16 16 82 8 " " " 1,201,426 

139. MAeNITUDES, ETC., OF JuFITER's SATELLITES. 

According to La Place, the apparent diameter of the 6rst, 

as seen from the centre of Jupiter, is 30" 21", which is nearly 
equal to the moon's mean apparent diameter (96) ; and ein^e 
its distance from the primary is 269,169 miles, a distance 
about ^ more than the distance of the moon (97) from the 
earth, we conclude that it is but a little larger than the former 
of these bodiea. The second satellite is nearly the size of the 

187. How many nteDito* hu Japjter t Bj whom were thej disoaTer- 
•d, ind wheo t With wlut drda do their orbits neailj ooiiickk, and 
wbxt fidlows bcok thist 

ISS. aiv« the dderul TOTolntico and dialanee of the first utellita of 
Jqpitcr. Of the secand t Third I And fourtb ) 

139. Why do we cMiclude tJuU the firrt uleUite of Japitar U but ■ little 
larger than our moon I What U the aiie of the aecuod t 
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first ; the third is considerably the lai^est of the four; and the 
fourth a Uttle larger than the first. According to Dr. Rerschel, 
each satellite turns on its axis in the same time in which it 
revolves round the planet ; and hence, tike our moon, (104) 
always presents the same face to the primary. 

140, EcLiPSEa OP Jupitbk'b Satellites. The orbits 
of Jupiter's satellites are nearly in the plane of that of 
the primary, hence these bcxfies will frequently pass 
through Jupiter's shadow, and be eclipsed. Since their 
orbits differ but little from circles (137), their true ellipti- 
cal motions will be nearly equal to their mean motions ; 
and since their periodic revolutions are extremely short, 
and therefore affording frequent opportunity for making 
observations on their motions, astronomers have been 
etiabted to construct tables for determioi^ the time of 
their eclipses with wonderful accuracy. The tables of 
De Lambre on this subject are consider^ the most 
correct. 

141. The Longitudes of Places detebhined bt the 
Eclipses of Jdpitek's Satellites. The same immer- 
sion of one of these Satellites into, or emersion out of, 
the shadow of Jupiter, wUl be perceived at the same in- 
stant of time at different parts of the earth ; hence, if the 
times of immersion or emersion be noticed at different 
[daces, the difference of these times converted into de- 
grees wiU be the difference of lon^tude between the two 
places. The first satellite, or that nearest to Jupiter, is 
the most important of the four for this purpose, because 



Of the fbarth t Which ia nxiaiderablj tlie largest of the four 1 Ac- 
aonUng to Dr. Beiiohel, in wliat time doe> each tnm oo ha azu I What 
Ibdowt from thia I 

140. Whj are JnfNto^ wtenites frequently edipaedt Wliat ciromn- 
■tucei have lOBbled aBtmnmMri to conainiet tablea for determiniDg the 
time of tbiAr eclipme wiUi wooderfd accnrac; t WhcM taUea oo tUs 
Eubjcct ale oonodin^d the moat correct f 

141. Show dutincUf how the diSerence of longitode between two 
place* may be fband by the edipaea of Jupiter's satellitea. Whidi ia tb*' 
Bwet important of the four for thin ptupnae, and why I 
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on account of its quick motion, its immersions and emer- 
sions will be almost instantaneous ; and also, on account 
of the shortness of its synodic revolution, its eclipses will 
be very frequent. 

The times of the eclipses of Jupiter's satellites, com- 
puted irom tables for this purpose, are given in the " Nau- 
tical Almanac," and calculated for the meridian of Green- 
wich. Now let an observer at any place, with a sood 
telescope, observe the beginning or end of one of these 
eclipses, and note, by means ofa pendulum clock which 
beats seconds or half-seconds, the precise time when he 
saw the satellite immeree into, or emerge out of, the 
shadow of Jupiter ; the difference between this time and 
that given in the Almanac, will be the difference of time 
between Greenwich and the place of observation ; hence 
the true longitude of the latter from the former is easily 
obtained. These eclipses will not serve for determining 
the longitude of a ship at sea, because the rolling of the 
vessel prevents that exactness required for such obser- 
vations. 

142. The Velocity of Lisbt detkrhined by means 
OP THE Eclipses op Jupitbe'b Satellites. Rcemer, a 
Danish astronomer, in the year 1667, discovered the pro- 
gressive motion of light by a comparison of observations 
made on the eclipses of Jupiter's satellites. This astron- 
omer found that when Jupiter was in opposition, or near- 
est to the earth, the eclipses of his satellites were seen 
some minutes sooner than they should be seen according 
to ^e average intervals of consecutive eclipses; and 
when Jupiter was near conjunction, or farthest from the 
earth, they were seen as much later. Hence, he con- 
cluded that these deviations depend on the distance of 



Bow mtt; the longitude of qny place from Qreenwich ba obtained hj 
these eclipsea t Whj csmiot the loogitods of a ihip at sea be determin- 
ed hj them t 

143. Who discorered (he progrBsBiva motion of light, aod bj what 
meane ! What did Rieider find regpeoting; these eclipses when Jupiter 
VBs in i^ipoaitioDl And what whoi near ooqjaiwtloii I 
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the planet from the earth, and thence, that the transinis- 
aion of light, formerly thought to be instantaneous, ia 
uniformly progressive, or that a measurable interval of 
time elapses between the actual occurrence of any very 
distant phenomenon, and the perception of it by the ot 
aerver. 

Let 8 represent the sun, E the j 

earth, and J Jupiter, making the 
angle S £ J = S0° = the suiTs ad- 
vance of Jupiter in longitude. Join 
E', the point nhere the line E J cuta 
the earth's orbit and S ; it is evident 
that the triangle S E E' is eqmlateral, 
and that the difference between the 
earth's distance from Jupiter nhen 
at E, and that when at E', is equal E 
E' — S E, the distance of the earth 
from the sun. Now it is found that 
the eclipses will be seen &m. 13*. 
sooner when the earth ia at £', than 
when at E ; and hence, Sm. 13«. : 
: : 95,129,932m. : 192961 miles, the 
amazing velocity of light per sec 
lof time. If we commence our oh- / 
servation^ at any tjme when the Ion- { 
gitude of the sun exceeds that of I 
Jupiter, 60', we can easily find how \ 
long it will require the earth to 
pass from E to E' or through 60o of 
its orbit. This will be found about 




two days, will bring the earth t 
stationary. 



What «u bU CMieliiiion respecting these deviftlJOTa t Draw the Bgoie, 
and show bow the Telocity of light ig fbuod. What ie ita volouity per 
second of time t What is laid respecting the longitude of the ma and 
Jupiter, when wb oommence our obserrationB I How much nearer to 
Jupiter win Ihs earth be 83 or 6S days after tlua time f Who baa sub- 
Mqaendy dHlflmud thi* tbeorf of the tranuaiaadoo of light I 
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Dr. Bradley, a celebrated English astronomer, has subae- 
qnently confirmed this theory of the transmiasion of light, by 
his discovery and explanation of the aberration of light ; and 
as both these phenomena are comiected with the orbitoal revo- 
lution of the earth, they afford a clear proof of its annuo/ 
notion. 



CHAPTER XIII. 

SATURN h HIB SATELLtTEB ADD SINGB. 

143. Rbhaskb. Saturn, on account of his great dis- 
tance from the sun compared with the earth's distance, 
appears nearly of a unilorm magnitude in every position ; 
and on account of his great size, he nearly equals the 
apparent magnitude of Mars, when this planet is nearest 
to the earth. Saturn shines with a pale, faint light. He 
is the most distinguished planet of the solar system, being 




Wbat did Dr. Bradley dieoover t Wh&t is said re^>ectiTig then phe- 
nomena, the traDBmiBoon and aberration of tight t 

lis. Whj doei Saturn appear nearly of a imifbrm magnitude in everj 
poaition I How does bis apparent niagnitude compare with that of Han 
wbra this planet ii neareaC to the earth I What is the cdor of hia light I 
Od That aooount is he tba mo»t dutiogniilied planet of the solai^ateml 
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not <Hil7 attended by seven satellites, but encompassed 
bj a broad, thin ring, which is composed of two con- 
centric riives detached from each other, without touch- 
ing him, like the wooden horizon of an artificial f;lobe. 
(See the figure.) 

144. Pekiod and Distance. Saturo performs his 
siderial revolution round the sun in 10759<^. 5A. 16m. 30s. 
= 39 years, 167 days ; hence, 

f 10759^1981 1 _ (29.4566)*= (867.60138356)*=9.64 

I 865.2564 J ^ 

nearly =- the semi-axis of the orbit, the earth's mean 
distance being — 1 ; therefore, 95129932m. X 9.54 = 
907,539,551 miles, the mean distance of Saturn from the 
sun. And l<n59d. 5A. : Id. :: 907,539,551m. x 2 X 
3.1416 : 22082 miles, the hourly mean motion of Saturn 
in his orbit. Also (9.54)* ^ 91, which shows that the 
intensity of the sun's light at Saturn is but jV of its in- 
tensity at the earth. 

145. Afpakbnt Diameter and Magnitude. The ap- 
parent diameter of Saturn when at his mean distance 
from the sun, and in opposition, is about 18".2 ; hence, 
I : 9.54 — 1 : : 18".3 : 155 .438 ^ the apparent diameter 
of Saturn when at a distance from the earth equal to 
that of the sun. Then 32' 1".8 : 155".428 : : 866144m. 

: 71668 miles, the diameter of Saturn ; and, — — 

^ (9.06)' — 744, which shows how many times Saturn's 
volume is greater than that of the earth. 



144. In what time does Sktom perform his aderial TerolutioD t From 
Oa* determine the gemi-azis of hie (wtnt, end his mean distance in miles. 
What a bis howl; maui moUm in the wbit t What is the totauitjr of 
the ami's light at Satuni, oompared vith it« mleaaij at the earth ) 

146. What in the apparent dikmeter of Saturn Then at his mean di»- 
taaoe botD the sun, aod in oppoeition I What is his real diameter in 
nilei,Biid bowfoimdt Boir nuag' timea is bis vidmna greater (ban that 
odbeaartht 
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14S. Inclination of the Okbit, &c. The iQclination 
of the orbit of Saturn to the plane of the ecUptic is 2" 
29* 36", and the ascending node 22° in Cancer. He re- 
volves in lOh. 2Qm. Us. on an axis which is inclined 
about 2^" to the axis of the orbit. The oblatenesa of 
this planet is about ^, or the polar diameter is ^ less 
than the equatorial diameter. 

147. AaTRONOMioAL Siqn. The astronomical sign of 
Saturn is >? , supposed to represent the original form of a 
sythe with which he was armed, an emblem of the rav- 
ages of time. 

148. Satellites of Saturn. It has been already 
observed, that Saturn is attended by no less than seven 
satellites or moons, which supply him with light during the 
sun's absence. The 6th of tnese satellites in the order 
of their distances from the primary, was discovered by 
Huygens, a Dutch mathematician in the year 1655. The 
3d, 4th, 5th, and 7th, were discovered by John Dominic 
Cassini, a celebrated Italian astronomer, between the 
Tears 1671 and 1685. The 1st and 2d, were discovered 
by Dr. Herschel in the years 1787 and 1789. Large 
telescopes are required for the observations of these sat- 
ellites, particularly the 1st and 2d, the discovery of which 
was a fruit of Dr. Herschel's large reflecting telescope 
of 40 feet focus. The times of uieir revolutions round 
Saturn and their respective distances from him, are as 
follows : 



140. What ii the iodiiiBtioD of the (»)^ of Sstiim lo the ecliptic, and 
the plac* of the Dode t In wh&t time doee he revolTe on his aiia t 
What ia the incliimtioi] of hi» axis to the a^ of the tn'kut t What a the 
oblatMMM of thia planet I 

147. Dewzibe the aatn»omical eign of Satttra. Of what ie It an eto- 
Uemr 

HS. How many satelliles attend Satnm I B7 vhom, and when was 
the ath discovered ( B; whom, and when, vere ^e Sd, 4th, 5th, and Ith 
discoTerodt By whom, and vdien, were the Ist and 2d diBooveredl 
What is aaid of the teleacopea required tor the obeerratioiu of these eat- 
ellitea, particulw^ the let Mtd 2d! 
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■AT. D. H. U. 8. HILBS. 

1 uLkt. 22 37 23 dist. from 8. 120.000 

2 "" 1 8 S3 9 " '■ 184,000 

5 " " 1 21 18 26 " " 189,000 
4 " " 2 17 44 61 " " 244,000 

6 " " 4 12 2fi 11 " " 341,000 
« " " 15 22 41 13 " " 791,000 

7 " " 79 7 64 37 " " 2,306,000 

149. Maoititudeb, &c. 

The satelliteB of Satiun, owing to their great disttmce from 
ns, appe&r very small, and coosequently, their real mAgnitudes 
•re not well known. The 7th ia the largest, and according to 
Sir John Herschel, is nearly equal in size to the planet Mars. 
From the 7th, or most distant, they are said to diminish inward. 

The orbits of the satellites are in the plane of Saturn's ling, 
except that of the 7 th, which is considerably inclined to it ; and 
since the ring coincides with the planet's equator, which latter 

Elane makes an angle of 2B° (146) with Saturn's orbit, it fol- 
iwB that they will be but seldom eclipsed, and only when 
Batum is in or near one of the nodes of their orbits. 

As the 7th satellite exhibits periodical variations of bright- 
ness, it is inferred, that like our moon, it rotates on an axis in 
the same time that it revolves round Saturn. 

150. Saturn's Rinob. Huygens first discovered Sa- 
turn's riog, which Dr. Herschel afterwards, by the assis> 
tance of his powerful telescopes, found to be double, or 
to consist of^ two concentric rings. The rins casts a 
shadow on the planet, and is likewise obscured on that 
side opposite to the sun by the planet's shadow ; hence, 
the general conclusion is that it is a solid opaque body, 
shining by reflecting the light of the sun. 

Qiv« the tiined of tbeii rerolutiotu round Batum, and their respediva 



14S. Why AT* the magmiudM of Satom'i utellitei not wtiB known t 
Whitti IB the Urgeat, and what ia iU size accra'ding lo Sirjahn Herecball 
TJJTjJnhi the reaaon wby ihiay are bat eeldran eclipsed. What ig ioferred 
ftom the periodical change of biightaeea obaerved in the 7th t 

160. Who fiirt diaooTwed Saturn'* ring I Who afterwaida finmd it to 
be double I Whftt ia the gBoeral i^imoD respecting the iwtnre of th* 
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117,000 miles. 


20,000 




161,000 




17,000 




166,000 




2,000 




176,000 




10,500 
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It has been observed, that this most extraordinary 
appendage is very thin. According to Sir John Herschel, 
its thickness does not exceed 100 miles. From the micro- 
metricEd measurements of Professor Struve, the other 
dimensions are as follows : 
Interior diameter of the mterior ring, 
Distance of the edge of the intenor ring from 

the planet, , - . - . 

Exterior diamet«r of the mteiior ring. 
Breadth of the interior ring, ... 
Interior diameter of the exterior ring. 
Interval between the rings. 
Exterior diameter of the exterior ring. 
Breadth of the exterior ring, - 

TLe interval between the rings can only be seen by teles- 
copes of great power. It appears under the form of a black 
line, as represented in the figure (143). 

151. Inolikation and Rotation of the Rings. From 
observations, it has been found that the plane of the 
rings coincides with the plane of Saturn's equator, 
and therefore is inclined to the plane of the orbit 29°. 
The ascending node of the ring is 20° in Vimo. 
From the motion of lucid spots on the surface of the 
ring, it has been inferred that it rotates on an asis per- 
pendicular to its plane, and passing through the centre of 
tiie planet. The time of this rotation, which is from west 
to east, is lOA. 29m., equal the time of Saturn's rotation 
on his axis. 

152, Apparent Foemb of the Rings. Since the 
plane of the ring, which continues parallel to itself, is 
inclined to the orbit under an angle of about 28° 40' ; 

ring, and on wimtbuedt What is tlie thickneaa of the ru^ according to 
Sir Jolin Herechel ( Frina tlie microiiielricil meBsoremeots of Profteaor 
Struve. what are the other dimenairais I 

lEl, What ia said respecting the bclinatiao of the ring, and the place 
of the ascending node t What haa been infeired torn the motku of lucid 
tgota on ita sur&ce 1 What is the time of thii rotation 1 

IBS. Explain the reagoa why Saturn's ring a^qwtin elliptkal. 
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and since this latter plane nearly coincidea with the 
ecliptic (146), it follovra that it can never be seen from 
the earth but under different degrees of obliquity, vary- 
ing from about 60° to 90° with its axis ; hence, Jt will 
not appear circular in its form, which it really is, but 
elliptical. And as the orbit of Saturn is very large, com- 
p&red with the earth's orbit, the eccentricity will vary 
according to the distance of the planet from one of the 
nodes of the ring. 

Let S repreHcnt the enn, abed the oriMt of the earth, and 
A B C D the orbit of Saturn. If A and C be the nodes of 
the rins, it is evident that when the planet is at A or C, the 
plane ot the ring will pass through the son, and hence, the 
edge will only be illuminated. In this position, the ring can 
on^ be seen with a telescope of high power, appearing like a 
line of light on the disc of the planet, and extending some dis- 
tance on each ude of it. 



I 



-^> 



a what win iU ecccatrict^ nrj I Diaw the dmpMm, ind 
diow the difbrent iq^wieot fcnna of the linK. 
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Ah the planet advances in the oiini from A or C, the illtuni- 
nated plane of the ring will become more visible ; and when at 
B or D go" from the node A or C, the ring will appear moat 
open, or to the greatest advantage. 

153. DisAPPEARAircEa of the Rins. 

If the tangent parallels e h and fg (see the last figure) be 
drawn at an eqoal distance from the node A, it will be found, 
taking the diameter of the earth's orbit equal S, and Batnm's 
distance from the sun equal 9. £.4 (144), that the arc e / will 
contain 12° very nearly. Now since the planet revolves round 
the Bun in 29 years, 107 days (144), he will pass through the 
portjon «/ or ^ A in nearly one year, or while the earth passes 
through the whole orbit, abed. This being understood, it is 
evident there will be occasional disappearances of the ring 
from the fact that the earth will sometimes be on the dark aide 
of the plane of the ring, or on the oppoute ^de from the sun. 

Thus, if the planet come to t, when the earth is at any posi- 
tion between e and d, it is evident that in some position between 
e and A, the plane of the ring will pass between the son and 
the earUi, and therefore there will be a disappearance. When 
the planet has arrived at A, the earth will be at some position 
between a and b, immediately after which time there will be 
another disappearance, which will continue until the earth 
comes to a position between b and i;, or on the same side of the 
plane of the ring with the sun. In like manner there will be 
occasional disappearances of the ring, when the planet is pass- 
ing through the portion g hot the orbit. When Saturn's lon- 
gitude is within 8 of eithernodeof thering,orwithin6''of 170°, 
or 360° (161), one of these disappearances may be expected; and 
as the planet revolves round the sun in 29 years 167 days, about 
14^ years will elapse from the occurrence of a disappearance 
at one node tiU another takes place at the opposite node. The 
last disappearance happened in April, 1848, Uie nest will occur 
in 1S63. When the planet's longitude is 80° or 260°, the 
ring will be in a position most advantageous for observation. 



ICil. Drewtbe (angeot pandlelB t/andgh id Ibe last figure, and sbcnr 
from what &ct (here will be occasiDiul disappearances of the ring. Give 
the diQ^reut poutknu of the planet and the earth, when these disappesr- 
anc«a will occur. Wheo may a disappeanuice be expected t When a 
diaappeamux has occurred at one node, what time will elapse beibi* 
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CHAPTER XIV. 

0BANUe — -¥ AND HIH BATELLITEB. 

154. Remakkb. Uranus was discovered on the 13th 
of March, 1781, by Dr. Herschel,'who named it Georgium 
Sidux, through respect to his patron, King George III. 
On the continent, it was generally called Herschel, in 
honor of its illustrious discoverer, and of late, astrono- 
mers have adopted the name Uranus, from the circum- 
stance that the other planets have been named after 
heathen deities. Uranus, though large, on account of his 
great distance from the sun, can scarcely be distinguish- 
ed by an unaided eye, even in a clear night, and m the 



155. Period and Distance, Uranus performs his 
siderial revolution round the sun in 30666rf. 19A. 42m. =■ 
84 years, 6^ days, of tropical mean time, and hence, 

f 30686821 j } ^ (64.014469)^ = (7058.431)* = 

19.18239 = semi-aicis of the orbit, the earth's mean dis- 
tance being =1 ; therefore 95,129,932m. X 19.18239 = 
1,624,819,456 miles, the mean distance of Uranus from 
the sun. And 30686<f. 19|A, : lA. : : lB24819456m. X 2 
X 3.1416 : 15567 miles, the planet's hourly mean motion 



mnotlier occon at the oppcmite node t Wlien did ttie Ust disappearance 
bappen t Wbea vIU the next ! What ia the planet'i longitude, when 
m the ling in a positioD moot advurtageoDB for obterratioo I 

IM. Wbrai, and \ij Thran was UraoiH discoTeced I What naine did 
Hericbel give it ) What waa it called on the cootineDt t Frran what 
drcnmatance hare aatronoinen adopted the name Uraniu t Can nraiiDi 
be distiagiudwd by the nnwded eye I 

165. biirtiat time doea Uranus perform hiinderialreTolntioDt What 
is the loigtb of Ibe •emi-azia of his ortrit ! What is his mean distance 
fratn the son in mitedt What is the planet's hourly mean motion in the 
arWt 
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itf {he ori)it The intensitT of the sun's light at UranuB 
is but (TTTfrTr)* = Wt ^' what it is at the earth. 

156. Appakbmt Diameteb and Maqnitudb'. The ap- 
parent diameter of Uranus when at his mean distance 
ironi the earth, is 4", and when in opposition, it is about 
4".! ; hence 1 ; 19.18239 — 1 : : 4.1 : 74\5478, the 
apparent diameter of Uranus at a distance from the earth 
equal to that of the sun. Then 32' 1".8 : 74".5478 : : 
686,144ni. : 34,374 miles, the real diameter of Uranus; 
and (WiV)^ = (4.344)' = 82, which shows how many 
times nis magnitude is greater than that of the earth. 

157. Inclination of thb Okbit, &,a. The inclina- 
tion of the orbit of Uranus to the plane of the ecliptic, 
is but 46' S8", and the ascending node 13" in Gemini. 
Uranus doubtless revolves on an axis as the other 
planets do, but owing to his very great distance from 
us, astronomers have not been able to detect spots 
or any periodical changes on his surface, by which uiey 
might determine the period of his rotation. La Place 
was of the opinion that the time of bis diurnal motion is 
but little less than that of Jupiter or Saturn (134, 146), 
and that his axis is nearly perpendicular to the plane of 
the ecliptic. 

15$. AsTBONOHicAL SiflN. Urauus has for his astro- 
nomical sign, V, the initial of the discoverer's name, with 
a ball, the emblem of a planet, suspended from its cross- 
bar. 

1&9. Satellites or UsANns. Uranus is attended by 
six satellites, all of which were discovered by Dr. Her- 



"Whai u the comparstiTe inteiwitf of Ae mn'i li(^ tt Umnw I 
109. What a the Rppareot diuiMtor of Uranus wben io i^poMliaal 
Tronx thb dedooe tbe'nal diameter. Also tbs Mrapantive nugnitode. 

III. Wliai ia the indiDation c^ the orUt of nnniu to the plana of tha 
ediptic, and the place of the node t What is sud respectnig the pmod 
of his rotation ) What was Ia Place's opinion oo this schject t 

108. Deaoibe the aatronomicsl ogn of Uranua. 

109. Bow nuuiy «atellite« attend UnuiM I Bj whom were they dia> 
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Mhel, to whose genius we are indebted for the discovery 
of the planet itself. The second and fourth were detect- 
ed in 1787, and the other four in 1798. They are dis- 
cemihle only with telescopes of the highest power. 
Their siderial revolutions round Uranus, and their res- 
pective distances from his centre, are as follows : 

SAT. D. B. M. a. MILIB. 

I 



id. rev. S 


21 


26 





diet, from U. 225,000 


" " 8 


le 


56 


6 


'■ 292,000 


" " 10 


23 


4 





" 341,000 


" " 13 


11 


6 


59 


" 391,000 


« " 38 


1 


48 





" 782,000 


" " 107 


16 


40 





" 1,564,000 



These eatellites are stud to move in orlnts nearly circular, and 
tying in the same plane, which is nearly perpendicular to the 
ecliptic, a remarkable peculiarity, being inclined about 79° to 
that plane. Their motion is retroffrade, or contrary to the order 
of the signs, another singular anomaly, as all the other planets 
and satelhtes move from west to east, or according to the order 
of tbe signs. Their magnitudes cannot be less than those of 
the satellites of Saturn, probably greater, otherwise they oonld 
Dot be seen at a distance so immense from onr planet. The 
plane in which these satellites move will pass through the son 
but twice in the course of a year of Uranus, hence they can be 
eclipsed only at intervals of 42 years. In these eclipses, the 
satellites will be seen to ascend from the shadow of the planet, 
in a direc&n nearly perpendicular to the orbit. 



coTSred, and wheat Qtre the tinea, of their >id«Tul revolutimi roimd 

the primary, sod thnr respectire distancea from him. What a Bud of 
their orbita t llieir motitm I Their magnitudes I And their edipaea I 
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160. Rehakks. All the planets not only gravitate to 
the sun, but to on© anotner, hence their motions are 
affected by these attractions of gravitation. From the 
known elements of the orbit of a planet, and the attrac 
live influence of all the other known planets, its place 
can be previously calculated for a certain time, and con- 
sequently compared with its place found by observation 
at' that time. It was found tnat the observed places of 
Uranus did not agree with those determined by calcula- 
tion, and hence some observing astronomers, most con- 
versant with this subject, were led to believe that these 
Eerturbations in the motions of Uranus were produced 
y the action of a still more distant planet, 

M. Le Verrier, a French astronomer, on the 31st of 
August, 1846, in his thir,d paper an this interesting sub- 
ject, made known the elements of the orbit of the sup- 
posed planet, and the method by which he arrived at the 
value of the unknown quantities. Le Verrier " leaves 
an impression on the mind of the reader, by the undoubt- 
ing confidence which he has in the general truth of his 
theory, by the calmness and clearness with which he lim- 
ited the field of observation, and by the firmness 
with which he proclaimed to observing astronomers, 
' Look in the place which I have indicated, and you will 
see the planet well.' "* On the 23d of September foUow- 
* Ur, Airfa lecture befbre the Rojal Aat Soc, EDglaod 



160, From what data can the place of a planet be calculated for a oer 
tain time, thaX its place may be ctnnpsred with tliat fbuod b j observatiiai 
at the BKlne time t Did the observed place* of Uranus agree vitb fboM 
tavod bj calculation I What vere mnoe aatranomera led to beliere in 
« of the perturbationa of UranuB t Who made koown the 
ta of the mppowd planet, aikd vhrn t What did Le Verrier pto- 
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ing, these directions of Le Ven-ier readied Dr. Galle, of 
the Berlin Observatory, and guided by them, he discover- 
ed the expected new planet on the evening of the same 
day. 

It is but justice to notice that Mr. Adams, of St. John's 
Cdlege, Cambridge, in England, without any previous 
knowledge of M. Le Yerrier's labors, had made calcula- 
tions on this subject, and had arrived at similar conclu- 
sions, in consequence of which. Professor Challis, of Cam- 
bridge Observato^, was searching for the planet, when, 
on the 29th of September, having received the more 
pointed directions of the French astronomer, he changed 
his plan of observing, and on that evening discovered a 
star with a visible disc, which was the new planet. The 
planet at first was named Le Verrier, in honor of its dis- 
tinguished discoverer, but it has since received the name 
of Neptune, which meets with the more general approba- 
tion and assent of astronomers. 

161. PEBion, Distance, &c. The elements of the 
orbit of the new planet as made known by M. Le Verrier, 
previous to discovery, are, periodic time, 217 years, 
mean distance, or semi-axis major, 33, the earth's dis- 
tance being unity; hence, 95,129,932 m. X 33 = 3,139,- 
287,756 miles, the mean distance from the sun. Eccen- 
tricity, .10761, longitude of perihelion, 284° 46', mean 
longitude, Jan. 1, 1847, 318" 47', and mass .0001075, or 
twice the mass of Uranus. 

The period obtaiaed from observation since discovery, is 167 
years, and distance 30. These discrepancies in the elements 
have led some astronomers, and pardcukrly. Professor Peirce, 
ei Cambridge, Mass., to believe tliat Neptune is not the planet 



Ooided by these directions, who diseoTered the nev planet, *nd Then I 
Vlu made ealooJatiooB on tbw sabjecl, and arrired at limilar ocRtdnsioDa 
Wliat wt the nev planet (sUed at first I What name unce reeei'^ I 

161. What are the elemenla of tha new planet, M made known pre- 
Tioim to discovery I What the period and distaiice, obtained from obeer- 
vattoQ, MDCe discovery ! What have these diacrepancies led some aa- 
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of ihmry, bat of aeeuieTit, or that " tlis pkaut Wtptune it not 
thMploMt U) whkh peometrieal analy»i» had direeUd the tele- 
teopt." The BstroQomical sign of Neptune, if one has been 
adopted, has not come to our knowledge. 

163. Bone's Law of the Plaketaxy Distances. 
Professor Bode, a German philosopher, towards the end 
of the last centuiT, from a close examinatiou of the 
known distances of the planets from the sun, discovered 
the following empirical law, namely : 

assume 3 6 12 24 48 96 192 

add ± * J, _^ ^ A ^ 1 

results 4 7 10 16 28 S2 100 196 
The terms of the last series, beginning with Mercury, 
will very nearly express the proportional distances of the 
planets of our system from the sun, thus : 

UanDiy. Venoi. Eutk. Mm. Atlendili. Jnpller. Satan. Unnni, Napnma. 

4 7 10 16 28 53 100 196 388 

The ^eat interval betneen the orbits of Uara and Jupiter, 
led Ke^er to conjecture that there must be a planet revolving 
in the intermediate space. This curious law of the planetary 
distances, induced some astronomers, about the beginning of 
the present century, to make diligent search for the supposed 
planet. Four very smalt planets were soon discovered as the 
result of their labors (119). Since 1845, five more have been 
added to the same family group. 

163. Tabi-es rblativk to the Sun, Moon, an» 
Planets, 

The following tables oontun the principal elements of the 
planetary orbits. Also, the diameters, volumes, masses, &c., 
of the sun, moon and planets. 



Give tlie rernvk of Profeesci' Peirce on Hub sabject 
IBS. Explain Bode'e law of the plauetaij diitancMt What i 
Eeidar*! coajectnre, and what led to it I 
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Ftt>D^-> NUHI. 


Bidaril P«K.d. 


Senl-uU nuj. 


"r^af^u"^ 


inWy 












Mercury, 


67 23 15 43 


.38709E 


36,824,000 


6,677 


Venus, 


224 16 49 10 


.723832 


68,810,000 


1.911 




365 6 9 12 


l.OOOOOC 


96,130,000 


1.000 


Mara, 


686 23 30 37 


1. 523600 


144,940,000 


,431 


Asteroida (P; 


1686 7 19 13 


2.7726O0 


263,000,000 


.130 


Jupiter, 


4332 14 2 8 


5.252776 


494,866,000 


.037 


Saturn, 


10759 S 16 30 


9.538788 


907,540,000 


.(111 


Uranus, 


30686 18 42 — 


19.18239C 


1824,819,000 


.003 


Neptune, 


167 yews, 


30,000000 


2853,900,000 


.001 





lBcUn.or«till 


Long, of Itie 




Uau (UIIt rao- 












Mercury, 


7 9 


45 57 31 


.2055160 


4 6 33 


Veuus, 


3 23 28 


74 51 55 


.0068607 


1 96 8 


Earth, 






.0167885 


69 8 


Mara. 


1 51 6 


48 3 


.0983070 


31 27 


A8teroid8(P) 


34 36 49 


172 38 30 


.2419980 


12 49 


Jupiter, 


1 18 61 


98 26 19 


.0481621 


4 59 


Saturn, 


2 29 36 


111 66 37 


.0561505 


2 1 


TJranus, 


46 28 


72 59 35 


.0466108 


D 42 


Neptune, 






.1076100 


21 



n«i»t'* 


H«uiDI>. 


Bsajpiun 


VoloiM. 


m™ 


HoUllof. on ll» 
AH.. 














Mercury, 


6.5 


3034 


0.057 




24 6 28 


Venus, 


16.fl 


7654 


0.906 


«V,TT 


23 21 7 


Earth, 




7912 


l.OOC 


„>■„. 


23 56 4 


Mare. 


5.8 


4161 


0.145 




24 39 21 


A8t's.(P: 




670 








Jupiter, 


36.9 


88932 


1404.92* 


TlV. 


9 56 60 


aatura, 


16.2 


71666 


744.00C 


tiVt 


10 29 17 


Uranua. 


3.9 


84374 


82.00C 






Neptune, 












Sun, 




886144 


1404928.00C 


1 


25 10 


Hoon, 


31 7 


2162 


0.020!5„A„^ 


27 7 43 6 



IBS. Wliat do Die tables under thia artide ooididn I 
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164. Fkopoktional Magnitudes of tbb Planetb 
REPRESENTED TO THE Eye. The itiagnitudea of the 
primary planets proportional to each other, and to a sup- 
posed globe of 12 inches in diameter for the sun, are 
represented to the eye in the frontispiece to this work. 
Also, a delineation of the apparent magnitudes of the 
sun, as seen from the different planets. According to 
these proportional magnitudes of the planets, the distance 
of Mercury from a sun of 12 inches in diameter, would 
be 43 feet, Venus 78 feet, the Earth 108 feet. Mars 163 
feet, the Asteroids 297 feet, Jupiter 558 feet, Saturn 1024 
feet, Uranua 2069 feet, and Neptune 3221 feet. In ac- 
cordance with this representation, the moon's distance 
from the earth would only be about 3i inches. 



CHAPTER XVI. 



165, Remarks. Comets are bodies which occasion- 
ally visit our system. The sun is the centre of their 
attraction. They appear in every part of the heavens, 
and move in all directions. Their orbits are so very 
eccentric, that when they are in those portions of them, 
which are farthest from the sun, they become invisible, 
and after traversing regions far beyond the orbit of the 
remotest planet, unseen for years, they make their ap- 

164. According; to the proportiooBl mognitade of the pUneta repre- 
eented in tlie IrontiB^uece. how lurge is the sua I Wh&t Till be the di»- 
tancea of the ssTentl planete from this Bappoeed aim t What the moon'a 
dUtsnce from the earth I 

186. What are ooraeta I What U the centre of (heir attractJOT I In 
what part of the heayena do the;^ appear, and in what directiraia do thej 
■DOT*! What MBidd of the eccentridtj of their m'tHta I 
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pearance ^^n. Some, after visiting our system, pass 
off into boundless regions of space and never return. 

The general opiniou is, that they shine by reflecting the light 
of the sun. They are visible but for a short time, and only 
when near their periheiion. Many, on account of their dim- 
ness cannot be seen by the unassisted eye ; others, on the con- 
trary, are splendid in their appearances. 

166. Pabts or a Comet. Comets are composed of 
three principal parts, namely, the nucleus, the head, and 
tail. (See the drawing.) The most brilU^t central and 
condensed part is called the nucleus, around which is a 
nebulous envelope to a considerable extent, called the 
coma, from its hairy appearance, (the word comet is de- 
rived from coma, hair,) which, with the nucleus, composes 
thi ■ • " ■ ~. . . 



ceeds from the head, in a direction opposite to the sun, 
and expands sometimes to a great distance, is called the' 
tail of the comet, Ordinarilv, the tail is curved, having 
the concave side towards tnat part of the orbit from 
which the comet is juat receding. The smaller comets, 
have frequently short tails, and some are entirely desti- 
tute of these appendages. 

■WTiat of Bome after viBiting our Bysteni I How do they shine I How 
long are they Tiaible, and when t What in aaid of many, and oUiers I 

133. Of how mnay principal parts are cornels compoaed I Namethemt 
Describe the nucleus. What is the derivation of the word comet! 
Describe the coma. The head. The tail. What is asid of stnoll comets I 
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167. OiBiTS OP Comets. Comets move in very eccen- 
tric orbits, as already noticed. The eccentricity of some 
of their orbits is so ^at, that that part which is near 
their perihelion, or which is described during the visibility 
of the comet, does not sensibly, differ from a parobala, 
having the sun in the focus. If some comets, as is assert- 
ed, move in hyperbolas, they can never visit our system 
but once, and after having passed their perihelia, must 
either move off indefinitely, or advance in their way to 
another system, at an inconceivable distance. 

The elements of a cnmet'a orbit, are the Bame as thoee of a 

Slanet's orbit, but the computation of the former is much more 
ifficult and laboiioua than that of the latter, unce the periodic 
time and semi-axis major are unknown. Notwithstanding, the 
elements of the orbits of about 1£0 comets have been com- 
pnted and registered, with a view to detect their future returns. 
When a comet appears, if the elements of its orbit agree or 
nearly agree with any set of elements in the catalogue, it is 
presumed that the same comet formerly noticed, has returned 
^ain. The orbits of comets are generally inclined under large 
angles with the ecliptic. 

168. Fhysicai. constitution of Comets. As to the 
nature of these mysterious bodies, philosophers seem to 
know but little or nothing. Some suppose them to be 
wholly gaseous. On the other hand, it has been main- 
tained that the nucleus at least, is solid and opaque. 
Stars have been seen through the nebulosity, and some 
astronomers assert that they have seen them through the 
nucleus. The tail becomes more attenuated and en- 
larged, in proportion to its distance from the head of the 



167. What is said of the ortnta of Bome cometa si io their great eeMO- 
tridtj t What ia eaid of thoes comets asserted to more in hjperbolaa I 
Whj is the oompuUlim of the eleixienta of a otunet'a otbit more difficult 
than that of the elements of a planet's mbit t Of how many have the 
elements been computed ) With what view are these elements regisstetod t 

1S8. What ia known of tlie natare of comets I What bare some nip- 
poMd them to ba I WhU has been matnlaiiiBd of the midaM I 
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Comets haTe pasied bo near aome cJ the planets, that hwl 
they been poeseased of e, density approaching that of any other 
heavenly body, they would have disturbed these planets, but 
not the slightest perturbatioos have been detected in them ; 
hence, it is inferred that the quantity of matter ia a. comet must 
be very small. 

169. Distances and Dimensions of Cometb. We 
■ will here notice some particulars respecting two or three 
of the most remarkable comets. One of these was the 
great comet which appeared towards the close of the 
year 1680. At its perihelion, it was but 146,000 miles 
from the sun's surface, and at its aphelion, 13,000,000,000 
miles from that luminary. Its period is supposed to be 
about 575 years. When nearest the sun, its velocity has 



GmtCoiMiariMS. 

been computed at 1,340,000 miles per hour! Its nucleus 
was calculated to be 10 times as large as the moon, and 
its tail when longest, 124,000,000 miles. 

A comet very remarkable for its peculiar splendor, 
appeared in 1811. The diameter of the inner nucleus 
was 3600 miles, and that of the head, 132.000 miles. 
The greatest length of the tail was 132,000,000 miles. 
Prom the most accurate observations on its motion, its 
period is calculated at about 3000 years. Some astron- 
omers compute it to exceed 4000 years. 

We will mention one other, the great comet of 1843. 

Have Ibe pbueU been disturbed when cometa paaeed near tbem 
Wbat is tbe infarence t 

ISe. What were the perihelion and aphelion dietances of the g^eat 
comet of IBSO t What it« period f Il» velodtj when nearest the sun 1 
Bow large was the nuclsua I How long waa tlu toil 1 Qive Che dimen- 
Bom (^ the great ouuet of 1811. It« period. 
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(See the drawing.) This comet of which we are treat 
ing, was remarkable for its near approach to the sun. 
According to Professor Norton, of Delaware CoHege, when 
at its perihelion, which was February 27th, 5 P. M., Phil, 
time, It was but 520,000 miles from the sun's centre, or 
less than 100,000 miles from his surface. 

170. Halley'b Comet. The periodic times of but few • 
comets have been determined. Dr. Edmund Halley, a 
celebrated English astronomer, having calculated the 
elements of the orbit of a comet, which appeared in the 
year 16B2, found that it was identical with the comets of 
1456, 1531, 1607, and therefore predicted its return in 
1758- Thus pving to it a period of about 75j years. 
Subsequently, Clair aut, an eminent French mathemati- 
cian, having found from laborious and intricate calcula- 
tions, that the attractions of Saturn and Jupiter would 
prolong its period, predicted that it would not reach its 
perihelion until the 13th of April, 1759. It appeared 
about the end of December, 1758, and arrived at the 
perihelion on the 13th of March following, but one month 
sooner than the time fixed by Clairaut. This comet 
came again to its perihelion on the 16th of November, 
1835, but nine days after the time fixed by Pont^coulantj 
a distinguished French astronomer. 

The motion of this comet in the orbit, which is inclin- 
ed 18° to the ecliptic, is retrograde. Its perihelion dis- 
tance is 57,000,000 miles, and aphelion distance, 3400,- 
000,000 miles, nearly equal twice the distance of Uranus. 



Wlmt was remarkable of the great comet of 1S4S t Tnieo did it onna 
to its poibelkai, aixl what was ita distance theo from the aim t 

170. Who colcnlated the elemente of the orbjt of a comet whicli ap- 
peared in 168S t What did Dr. HaHe; find and predict ) What is the 
period of ttua comet 1 What did Clairaut iubeequently find and predict 
ooDceming it I How much somer did it oome to the perihelion, than the 
time fixed hy Clairantl When did this comet come again to ita peri. 
belion, and how long after the tiroe fixed 'by Pont^coulant I What is said 
at ila motion I What are the perihelioa and aphelioc distance* I 
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it is called Halley's Comet, from the fact that Halley first 
ascertained the elementa of its orbit, and correctly pre- 
dicted the time of its return. 

171. Encke's Comet. A comet was discovered at 
MarseUles, on the 26th of November, 1818, by M. Pons, 
the elements of the orbit of which, and periodic return, 
were ascertained by Professor Encke, of Berlin ; hence, 
it is called Encke's Comet. It waa considered identical 
with the comets seen in 1786, 1795, and 1805. It is re- 
markable for the shortness of its periodic revolution, 
which it accomplishes in 1207 days, or nearly 3^ years, 
and hence, it is also called the Comet of snort period. 
This comet has reappeared in 1822, 1825, &c., as predict- 
ed. It came again to its perihelion near the close of the 
year 1848. The inclination of its orbit to the ecliptic is 
13^°, the perihelion is about the distance of Mercury 
from the sun, and the aphelion that of Jupiter. 

Encke'a comet is smail and has no tail ; (see the drawing) it 
B of feeble light, and in- 
visible to the naked eye, 
except in favorable circum- 
stances. There is a sin^- 
lar peculiarity attendmg 
thb comet, namely, that its 
period is continually short- 
ening, and its mean distance 
from the sun gradually les- 
sening. Professor Encke 
accounts for it by a resist- 
ance offered to the motion 
of the comet, arising from 



Why colled Host's comet t 

ITl. When and bj irhom wm Encke's comet discovered, and wh; lo 
called t Willi Ibe comets aeea in what yean waa it conwdared idenlical I 
For what U it remarksUe I What ia Ha period, and wbat also called t 
When did it Uat come te lie perihelioo t What m the inclination of its 
orlatt What are the perihelion and aphelion distances t Can it be aeen 
bj Um naked eje t What ainguUr pecullaritj attends thia comet I 
BoT doea Profeasor Encke account for Uiis t 
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a very rare etherial medinm in apace. Sir John Herschel has 
advanced the opinion that, " it will probabl; fall ultimately 
into the buh, should it not first be dissipated altogether, a thing 
no way improbable." 

172. Gahbart'b Comet. This comet was discovered 
bv M. Biela, at Josephstadt, in Bohemia, on the 27th of 
February, 1826, and ten days afterwards, by M. Gam- 
bart, at Marseilles. Gambart calculated its parabolic 
elements, and found from the catalc^e of comets, that 
it had been seen in 1789 and 1795. The periodic time 
JB 2460 days, or Sf years. According to this prediction, 
it appeared in the latter part of 1832, but not in 1839, 
owing to the unfavorable situation of the earth. It was 
seen at its last return in the beginning of 1846. It ia 
called Gamhart's Comet, sometimes, Bieta's Comet. 

The incbnation of the orbit of this comet, is 18°, the perihe- 
lion is just within the earth's orbit, and aphelion beyond Jupi- 




Wfa&t ofrinion bw Sir J<^ Henelwl adranced on Qua mfaject f 
I7S. Wheo, and by -whom wu GFamlMrt's cnnet diBCOvered 1 Who 
calcnlatad its parabolic Hlemeota I What ia ita pniod t Wlien was It 
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ta'a orbit. It b email, without either tail, or Boy appeamuce 
of a nacIeuB, and ia iiot discernible without a telescope. 

The preceding figure represents the orbits of the thi'ee 
comets, whose periodic times have been accurately detemuned. 
S, represents the sun, the small circle, the orbit of the earth, 
and the large circle that of Jupiter. 

173. NoMBEE or Comets. The Dumber of comets 
which have been observed at different times since the 
Christian era, is probably seven or eight hundred ; and 
although many of them niay have been reappearances of 
the same comet, yet when we consider, that, before the 
invention of the telescope, none but the lai^est and most 
conspicuous had been noticed, the actual number may be 
some thousands. Nevertheless, owing to the long periods 
of many of them, and the comparatively short time 
which they are observable, the orbits and periods of but 
three are known with certainty. Besides these three, 
which we have described in the preceding articles, there 
are some others, which are supposed to be identical with 
former comets, but which have not yet returned to verify 
the predictions conceming them. 



CHAPTER XVIL 



174. Remaskb. Having treated of those heavenly 
bodies belonging to the swar system (35), and having 
given their positions, connexions, periods, distances, mag- 

Wlut are tba perihelioD uid mphelkai ■li'tjTmaj | Of what ii it dMb- 
tuleT 

178. Wliftt is the number of cometi prolnUj obMrred lince tlie ChrU- 
tiao m I 'Wla.t may be the actual number 1 Wtij are the orbita and 
p«rioda ol but tluae known witb cectainty 1 What U auppoMd of wme 
oUierat 

\1i. What otba do we bow <»ane to notice 1 
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nitudes, snd pheoomena, derived from the moat accursts 
observations of modem times, we now come to notice 
those orbs which lie at a distance far beyond this system. 
These are the Fixed Stars, so called, because they are 
known to keep nearly in the same position, and at the 
same apparent distances from each other. They have 
an apparent motion iVom east to west, in common with 
the other heavenly bodies, caused by the diurnal motion 
of, the earth on its axis from west to east. 

A filed star twinkles, and thereby may be distinguished 
from a planet which does not. Various hypotheses have been 
given esplanatory of the cause of this phenomenon, which is 
now generally acknowledged as a consequence of the unequal 
refraction of light, produced by inequalities and undulations in 
the atmosphere. 

175. Number or Stars and theih ClassificatioA. 
The number of fixed stars which are visible to the naked 
eye, in both hemispheres, is about 4000. Of this number, 
not quite 3000 can be counted above the horizon at any 
given place. Besides these discernible by the unaided 
eye, the telescope brings into view innumerable multi- 
tudes of others, and every increase of its power greatly 
increases the number. These are, therefore, called TeU 
escopic Stars. 

The stars, on account of their various degrees of 
brightness, and apMrently various magnitudes, are divid- 
ed into classes. Those which appear the lai^st, are 
called stars of the first magnitude ; the next to these in 
appearance, stars of the second magnitude ; and so on to 
the sixth magnitude, which are the smallest that can be 



What caJled. and why t How jokj a fixed star be diatiiifruiBhed frtaa 
a planet T What a the generally acknowledged cause of this phenome- 
DOD. or twinkling ol Ihe fixed fltan ) 

17S. Wbat ia the number of atars viaible to the naked eje in both 
bemiBpherea t How many may be counted abore the horizoDatMiy 
givw place ) What are teltscopic Btara I Bow are the atari, od account 
of tbnr Taiiona degieea of b^htDeas. and apparently varioaa niagni- 
tnde^ dirided ( Describe the different claaees or magnitndMl 
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seen by the naked eye. But few eyes can dbtinguish 
those belonging to this magnitude, even in the clearest 
night. The classification is continued under the power 
of the telescope, down to the 16th magnitude. There 
are about 17 stars of the tirst magnitude, 76 of the second, 
233 of the third, and so on, the numbers of each class in- 
creasing very rapidly to the sixth magnitude. 

176. Arrangement of the Stars into Constella- 
tions. The ancients divided the heavens into three 
principal regions. 1st, the zodiac, 2d, all that part of 
the heavens on the north side of the zodiac, and 3d, alt 
that part on the south side of it. These, in order to dis- 
tinguish the stars from one another, they again sub-divid-' 
ed mto groups of stars, or Constellations. According to 
their superstitious notions, these constellations were con- 
ceived to represent the outlines of certain animals, im- 
aginary beings, or figures, and thus were named accord- 
ingly. This, no doubt, was done for the sake of conve- 
nience, that a person may be directed to any part of the 
heavens where a particular star is situated. 

It is de»rable that a more scientific and definite division of 
the celestjal sphere could be arranged, than the present unoatu- 
ral and mytbological division into figorea, " like to corruptible ■ 
man, and to birds, and four-footed beasts, and creeping things." 

The zodiacal constellations are 12, the northern 34, 
and the southern 47, making in all 93. Of these, 48, in- 
cluding those of the zodiac, were formed in ancient 
times, the rest within the last two or three centuries. 



'Wluch are Ibe smalleat that cod be ten bj the naked eye I How ttz 
ia the dassiftcatioa coDtmaed undtt the power of the telescope t How 
muij itare of the first, second, Ac, ntagmtades ? 

I7B. How did the ancients divide the heBTens I Name them. How 
did thej again sub-divide these t Wbat did they conceiTe these MHiatel- 
latiras to repreaent I Whj was this done 1 How manj lodiacal eon- 
•t«lUtioi>st Kwthemr Southern t How man; in alU Of these, how 
manT were ftnned in andent times t When the rest I 
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The following tables cont^ all the oonatellatitHis, with tli« 
number of stars in each, and the names of .some <^ the pris- 
oipaL 



COKaTBLLATIOHH. 



IfaniM at the CiHut«Uatkxn. 


No. 


^^aIne.ofthep^iDdpalSt•n 


1. Aries, the Ram, 


«« 


Arietis, 2. [Hyadea. 


2. Taurus, the Bull, 


141 


Aldebaran, 1 ; Fleiadea, 


3. Oemini, the Twins, - 


HH 


Castor, 1 ; Pollui, 1. 


4. Cancer, the Crab, 


HIi 


Acubens, 3. 


S. Leo, the Lion, 


9!) 


Re^uB. 1 ; Deoebola. 2 


6. Vii^o, the Virgin, 


\U 


Spica Virginia, 1. 


7. Libm, the Balance, - - 


fil 




8. Scorpio, the Scorpion, - 


44 


Antares, 1. 


9. Sagittariua, the Archer, - 


6t 


Alrami, 8. 


10. CapricomuE, the Ooat, - 


fil 


Dschabe. 3. 


11. Aquarius, the Water-bearer, 


lOf 


Scheat, 3. 


12. Pisces, the Fishes, 


113 





— NOETHBBN CONSTELLATIONS. 





Na 


Karnes <tf the priodpal Stars 




Ursa Minor, the Little Bear, 


24 


Pole Star, 2. 




Ursa Major, the Great Bear, 


SI 


Dubhe, 1 ; AJiotfa, 2. 




Cor Caroli, Charles' Heart, 


s 






Draco, the Dragon, 


fif 


EUstaben, 2. 




Cepheus, Cepheus, [Chwr, 


i)R 


Alderamin, 3. 




aa 


Schedir, 3. 




Camelopardalis, the Camelo- 
Cygnus, the Swan, 


fi8 






61 


Deneb, 2. 




Lynx, the Lynx, 


a 




Kt 


Lacerta, the Lizard, 


m 




11. 


Auriga, the Wagoner, 


Sfl 


Dapella, 1. 


12 


Perseus et Caput Medusa, 
Persens & the head of Medusa 


59 


Algenib, 2 ; Algol, 2. 



Name the fodi^al omstellatioDa tin^rha^ flri^iin ^^^inpiiti ^ piM f^ ^^fi f ^ 
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NORTHBKir CONST ELL ATioura, — Continued. 





NT 


Names of the prmciial Stan 


13 


Miwca, the Fly, 


6 




14 


Triangula, the Triangles, 


16 




15 




06 


Miracb, 2 ; Alamak, 2. 


16 


Lyra, the Harp, - 


21 


Vega, or Lyra,!. 


17 


HercuIflH, Hercules, - 


113 


Has Algethi, 8. 


18 


Crown, - 


21 


Alphecca, 2. 


19 




64 


Arctunu, 1 ; Miraeh, 8. 


20 


Canes Veuatice, the Grey- 








hounds, 


26 




21 


Coma BereniceB, Berenice's 








hwr, - - - 


48 




■22 


Leo Minor, the Utile Lion, 


58 




23 


Mons Usenalus, the Moiutain 








Manalus, - - - 


11 




24 


Serpens, the Serpent, - 


64 


Unnk, 8. 


25 


Serpentarius, the Berpent- 
bearer - 


74 


Ras Alhague, 2. 


26 


Taurus Poniatowski, the Bull 








of Poniatowatd, - 


7 




27 


Scutum Sobieaki. th« Shield 








of SolneslQ, - 


8 




28 


Aqoila, the Eagle, ) 


71 


Altair, 1. 


29 


AntinooB, Antinoiis, ) 




80 


DelphinuB, the Dolphin, 


18 


Svalorin, 3. 


SI 


Sagitta, the Arrow, - 
V^pecula et Anser, the Foi 


18 




82 








and Goose. - 


36 




88 


Equaeus, the Little Horse, 


10 




84 


Pegasus, the Flying Horse, 


89 


Markab, 2 ; Scheat, 2. 



Wliat are tba uamei of the pinupol Btere in these t Those of tbe fint 
magnitude t Second I Third I Repeat the nt^them oODBtellati<Ka Give 
the DMoei of the priocipa] atira in these. Bepeat thoae of the fint nu^ 
nitoda, seoond, and third. 
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III. SOUTHERN COKSTELLATIONa. 





T!^ 


Kiunee of Ihe principal Star. 


1. Cetufl, the Whale, - 


97 


Menkar, 2 ; Mira, 2. 


2. EridaDus, the lUver Po, 


84 


Achemar, 1: 


8. Brandenburgium Sceptrum, 






the Sceptre of Bnmdenburgfa, 


3 




4. LepuB, the Hare, • 


19 




6. Orion, Orion, - 


78 


Rigel, 1; Betelguese, I. 


6. Canis Major, the Great Dog, 


31 


Sinus, 1. 


7. Monoceros, the Unicorn, 


31 




8. Canis Minor, the Little Dog, 


14 


Procyon, 1. 


». Hydra, tlie Water Serpent, 


60 


Cor Hydra, 1. 


10. Sextans, the Sextant, - 


41 




11. Crater, the Cup, - 


31 


Alkes, 3. 


12. Corvufl, the Crow, 


9 


Algorab, 3. 


13. Pyxis Nandca, the Mariner's 






Compass, - 


8 




14. Machina PneoiDatics, the Air 






Pump, - 


24 




16. Crux, the Cross, 


6 




16. Centanms, the Centaur, 


36 




17. Lupus, the Wolf, - 


24 




18. Norma, the Eule, - 


12 




19. Circinua, the Compasses, 


7 




20. Triangulum Australe, the 






Southern Triangle, 


6 




21. Ara, the Altar, 


g 




22. Telesoopium, the Telescope, 


e 




28. Corona Australis, the South- 






ern Crown, 


12 




24. Pavo, the Peacock, - ■; 


14 




25. Indus, the Indian, 


12 




26. Microacopium, theMicroscope 


10 




27. Piscis Australis, the Southern 
Fish, - - - 


24 


Fomalhaut, 1. 


28. Grus, the Crane, - 


13 




29. Toucan, the American Goose 


9 





Repeat die soathem caD.t«U*lioi»L Name &« {aine^Ml .tan in 
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souTHEKN CONSTELLATIONS, — Continued. 

No. Nunea <rf the prindpal Stan 
and their DUgnitodea. 



Kamea of Conatellatioiu. 



30. Phoenii, the Phoenis, 
81. AppuiratuB Sculptoris, the 

Sculptor's Appuntus, - 
32. Fornax Chemica, the Furnace 
S3. Horologium, the Clock, - 
84. Ceela Sculptoria, the Engrav- 
ing Toow, 
35. ColutnbaNoachi, Noah's Dove 
86. Equnleus Pictoris, the Paint- 
er's Easel, 

37. Dorado, or Xiphias, the Sword 

Fish, 

38. Piscis Yolans, the Flying Fish 

39. Argo Navis, the Ship Argo, 

40. Robur CaroU, Charles' Oak, 

41. Chamieleon, the Chameleon, 

42. Musca Australia vel Apis, the 

Southern Fly, or Bee, - 
48. ApuE Tel Avis Indica, the 
Bird of Paradise, 

44. Ootans Hadleianus, Hadley' 

Octant, - - - - 

45. Hydrus, the Water Snake, 
48. Reticolum Bhomboidum, the 

Bhomboidal Net, 
4'J. Mons MenBiformis, the Table 
Mountain, 



Canopu, 1 ; Naos, 2. 



1T7. Batek'b Cbakacterb. The stars ia each con- 
stellation are denoted by the letters of the Greek and 
Koman alphabets ; by placing the first Greek letter • to 
the principal star, fi to the. second in magnitude, p to the 
third, and so on till the Greek alphabet is finished ; then 
begining with the Roman letters, a, b, c, &c. Thus, « 



I'I'I. Hov ire the (tan m eadi 
natbodof dMuting Uie atari I 
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Lyne is the brightest star in the constellation Lyra, fi 
Lyne, the next in brightness to a, &.c. Some of the 
brightest stars have particular names ; thus, Regulus or 
» Leonis, Aldebaran or « Tauri, &c. This useful method 
of denoting the stars, was tirst introduced by John Bayer, 
of Augsburg, in Swabia, about the year 1603. When 
any constellation contains more stars than can be mark- 
ed by the two alphabets, the numbers I, 2, 3, &c., are 
used in succession. 

We here insert the Qreek alphabet for the use of those who 
may be unacqnwited with It. 



Qreek 
dunclera. 


n™,. 


CluuactonL 


Groak 
duuactere. 


HjhW 


Roman 
Chancteri 


•, 


AlpiB, 


a, 


, 


Nu. 


D, 


i»C. 


Bet* 


b. 


(' 


30, 


X, 


rn 


Qamma, 


f: 




Omicron, 


0. 


I 


DclOi, 


SP, 


Pi. 


P' 




Epuloo, 


fi, 


f. 


Rho, 


r. 


'i 


zJu, 


«> 


'*. 


Sigma, 


8, 


•, 


Eu, 


e. 




rau. 


t. 


*», 


Theta, 


th. 


0, 


UpsUon, 


n. 


I, 


lol^ 


i. 


f. 


Phi. 


ph. 


«. 


K.PP11. 


k. 


X. 


Chi, 


ch. 


\ 


Lamda, 


I, 


^. 


Pw. 


^ 


K. 


Mn, 


m. 


". 


Omega, 


0, 



178. Thb Milsy Way.— Nbbdl«. That bright lumi- 
nous zone in the heavens, visible to every observer, is 
called the Galaxy, but more frequently the Yia Lactea, 
or Milhf Way, from its resemblance to the whiteness of 
milk. This band encircles the whole sphere of the hea- 
vens, and cuts the ecliptic nearly in the solstitial points 
at an inclination of about 60°. It varies in breadth from 



Bj idKMD Ttia tbu dmM method finit inbrodnced t Wben we tin 
numben 1, 2, S, Ac. used ) 
ITS, Daacribe the galaxy or vaScj -way. What doea it encircle, and 
<w -doee it cut Ute ecliptic t Doea it nuj in breath and hrightnnw I 
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about 5° to 15°, and alao in brightness, being more lumi- 
nous in some parts than others. Ita whiteness, so per- 
oeptiUe in a clear night, is caused by the joint li^it of 
the vast number of small stars in close proximity, of 
which it is composed. The Milky Way when examined 
by powerful telescopes, is found, according to Sir John 
Herschel, " to consist entirely of stars scattered by mil- 
lions." 

Besides the Milky Way, which may be considered 
as a nebulous belt, there are various spots, resembling 
white clouds, seen in the starrr heavens by the telescope. 
These are properly called Nebula, and are arranged into 
two classes, resolvable and irresolvable. The resolvable 
nebulae have been separated into stars by means of the 
telescope, but the irresolvable have not, though submit- 
ted to the space-penetrating power of the largest tele- 
scopes yet constructed. 

From recent obeervations made by Lord Rosse's telescope of 
6 feet reflector, and 54 feet focns, some nebulse hitherto con- 
ndered irresolvable, have been sepaitted into oluatera of stars. 
It IB expected that new discoveries will be made by this won- 
derful instnunent, not only in the nebolse, but in every other 
heavenly body the subject of observation. 

179. Groups and Clusters of Staks. Every atten- 
tive observer of the heavens, in a clear night, will per- 
ceive that the stars are irregularly distributed in the con- 
cave firmament. In some places, they appear collected 
tt^ther into groups, while in others, they are more scat- 
tered and indiscriminately arranged. 

Of these ^oups the most conspicuous and beautiful is 
that called Pleiades, which, within its small compass, ex- 



B; wbat a its vhitenesa caused I Of what does it cooBiBt aocordtng to 
Bit Joba HemJiel I What are nebulie I Eow an-anged ) Deambe each 
cl*«. What is said of recent obaerrattma made bj Lcrd Hoaae'a tele- 

179. Wltat will everf atteniiTis obaerver of Hib beBvena perceive I 
Eav da tha; appear in scnne places I Which is the moat ctmspicaona 
SDd bMidifnl group t 
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hibits through a telescope of moderate power 50 or 00 
distinct stars. This group is in the constellation Taurus, 
and to the unassisted eve, consists of six or seven stars 
close together, and nearly at the same apparent distance 
from each other. The constellation Coma Berenice* 
situated north of Virgo, is another group, more diffused 
than the Pleiades, and to the naked eye composed of 
larger stars. In the constellation Cancer, there is a group 
caUed Prtesepe, or the Bee-hive, of a nebulous appear- 
ance, which the telescope easily resolves into small dis- 
tinct stars. Another spot is found in the sword-handle 
of Perseus, which exhibits, through a telescope of great 
power, a group of stars smaller in size than those com- 
posing the other groups already noticed. 

Besides groups of stars, there are found in the noctur- 
nal heavens, many clusters, which differ from groups in 
their elliptical or round figures, and in the crowded and 
condensed appearance of the stars composing them, es- 
pecially towards the centre. None but telescopes of 
great power will show them to consist of separate and 
distinct stars. 

180. Variable and Temporaby Stars. Some stars 
are subject to periodical changes in their brightness, and 
are therefore called Variable Stars. The star o Ceti was 
discovered about the close of the 16th century to be of 
this kind. From the time of its greatest brightness, 
being then a star of the second magnitude, it decreases 
during three months, when it becomes invisible; after the 
lapse of five months, it reappears, and in about three 
months is again restored to its former brightness. The 
period of this star is therefore eleven months. A varia- 
ble star has been noticed in the constellation Hydra, and 
another in the Swan. There are many stars known to 



Where a tbi group Pleiades I Deecrib« it. Describe tlie group Omds 
Berenices. Hie group Prtesepe. Where ii Uiere another group t 'Bxiw 
do etuaters diBer from groups I 

ISa What are variable Btara I What is said of the star o Ceti t What 
is its period I What othen have be«n aoticed I 
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T&ry in lustre, without becoming entirely invisible. The 
most remarkable of these is Algol or » Persei, which re- 
tains its magnitude for 2d. 12h., and then in 4 hours 
diminishes to a star of the fourth magnitude, when it 
begins to increase, and in the succeeding 4 hours regains 
its original brightness, performing its period in about 2 
days 20 hours. 

Several instances are on record, of new stars having 
appeared where none had been before observed. These 
are called Temporary Stars. The most ancient is that 
given by Hip]»irchus, who flourished about 120 years 
before tne Christian era. In 945, a new star appeared, 
and another in 1264 ; but the most remarkable was that 
observed by Tycho Brahe, in November, 1572. This 
star appeared suddenly in Cassiopeia, and shone widi a 
briUiancy equal to that of Sirius. In tiiree weeks after 
its first appearance, it commenced to diminish in bright- 
ness, and in 16 months entirely disappeared, not having 
since been seen. 

181. DooBLE AND Binary Stars. When certain stars, 
which to the naked eye, and even when assisted by a 
telescope of moderate power, appear single, are examin- 
ed by telescopes of considerable power, they are resolved ■ 
into two, sometimes three or more stars. These are 
called Double, or Multiple Stars. Previous to the time 
of the elder Herschel, but few stars were known to be 
double, but by the exertions of this great astronomer, and 
others of distinction, several hundred are now ascertain- 
ed to be of this kind. Some of these, no doubt, may 
appear double from the circumstance, that the two stars, 
though far remote from, and unconnected with each 
other, appear nearly in the same visual line. The stars 



Desctibe the dioiigeB in llie star Algol What ue t«mponuy star* 
When (Jid new stars Rppenr I Describe the one obseired by T7Ch» 
Bnhe. 

181. yfhat are double or malUple stare 1 Are there many oow aacer- 
taiDsd to be of this kind t From what circiuDataDce may same of them 
appear double t 
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composing a double star are geoerally of imeqoal magni- 
tude, and exhibit the singular phenomenon of shining 
with differently colored li^t. 

A most important and interesting dificovery has been 
made by Sir W. Herschei, in relation to many of the 
double stars, namely, that they are physically connected 
by the laws of gravitation, and revolve round each other, 
or rather round their common centre of gravity. These, 
therefore, are called Binary Stars, sometimes Binary 
Systems. The following are some of the most prominent 
binary stars with their periods : « Coronae, 43 years ; ( 
Cancri, 55 years ; f Ursee Majoris, 58 years ^ ■• Leonis, 
83 years; f Virginis, 145 years ; Castor, or itGeminorum, 
232 years ; 61 Cygni, 540 years; and rCoronte, 608 years. 

182. AwNDAL Parallax and Distances of the Stabs. 
When two straight lines are conceived to be drawn from 
a star, the one to the sun and 
the other to the extremity of 
the radius yector of the earth's 
orbit, at right angles to the first 
line, the angle contained by 
these lines is called the Annual 
Parallax of that star. Or the 
annu^ parallax is the greatest 
angle at the star subtended by 
the radius of the earth's orbit 

Thus let the line s S be drawn 
from J the star to S the sun, and 
another line drawn to E the ex- 
tiemity of the radius vector 8 E at ^ 
right angles to the first line s S ; 
thea the angle S a £ will be the 
annual parallax of the sUr «. Fro- 




Wtut Bingulu- phenomenoD do Utey geDerall; exhibit t What inter- 
•rtiog discovery haa baen mode by Sir W. Herschei in relation to mutj 
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pTTHDineot binary atan and their periods 1 
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dnoe E S to K and join E" * ; now it b evident if the angle 
E t K, which is double the parallax, be sensible, it could be 
delermined b; finding the difference in position of the star t, 
as viewed from E and £', two opposite points of the earth's 
orbit. 

Hence the most eminent astronomers have, at oppoute seasons 
3f the year, determined within the nearest degree possible, the 
right ascensions and declinations (IS) of some stars, which from 
their brilliancy and apparent magnitu!)^, were thought to be 
nearer the earth than the generality of others, with the view of 
finding their aonual parallax. But the result of their observa- 
tions has led them h> conclude that the angle in question is so 
small as not to be detected by this method, subject to small 
errors arising from the imperfections of the best instruments, 
and from the corrections for refraction, aberration and nutation. 

However, Professor Bessel, of Konigsberg. appears to have 
been successful in determining the parallax of the binary star 
61 Cygni. Thb star, on account of its great proper motbn, 
(63^, which amonnts to 5".3 in a year, and its large apparent 
orbtt of 16", is thought to be nearer the earth than any other. 
Hence Bessel conceived the grand idea of finding the difference 
between the parallaxes of the middle point of the line joining 
the components of this star, and a small stationary star seen in 
nearly the same direction, and therefore supposed to be at a 
much greater distance. This difference in the parallaxes will 
nearly equal the absolute parallax of the star 31 CygnL The 
method of obtai^g this was by finding the semi-annuaJ changes 
in the distance between the stars, and thereby having avoioed 
the inevitable small errors in the corrections for refraction, 
aberration. Sec, necessarily Btt«nding the method by finding the 
right ascensions and declinations. Bessel, for the sake of great- 
er exactness, used two small stars, and taking the middle point 
between the two stars composing the double star, 61 Cygni, for 
the situation of the star, found its annual parallax to be 0".3463, 



r*"*"" b; the diagram. Wliat have the most emioent astrononMn done. 
with the view of finding the annual parallax of some stars t What ha 
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Knowing the psralUx, ire have in the right no^ed trionrie 
£ S t, ain E i S : Radius : : £ S : E « ; taking E 8, the £■- 
tance of the sun from the earth, equal to unity, and the length 
of radius expressed in seconds, (ST), 

E.= .5!?!!l=i2?.!5il= 592200, 
ain E«8 0".3483 
vhich shows hovmany times the Btar61 Cygni is farther from the 
«arth than the sun. And 96000000>n. X 692200 =^ 66259- 
000000000 miles the distance of this star from the earth. 

The velocity of light is 192961 miles per second of time (U3), 
and 192961m. : 66256000000000171. r : In. : 281556324s. — 
9 years 87 days. So that if the star 51 Cygni were now just 
launched into existence by the Almighty Creator, 9^ years, 
nearly, must elapse before its light would reach this our distant 
globe. 

1S3. The Lonoititde or a Ship at Sea determined bt 
THE Moon's distance from some of the principal St arm 
IN OR near her Orbit. When at the same instant the 
hours of the day at two places are determined, the longi- 
tude of the one from the other is easily obtained. The 
method of finding the longitude of a place by means of 
the eclipses of Jupiter's satellites, haa already been given, 
(141), but it cannot be accurately employed at sea on ac- 
count of the motions of the vessel. Chronometers, which 
are well-regulated time pieces, are now extensively used at 
sea for this purpose. The difference between tne mean 
time at the ship, and that of a chronometer which can be 
depended upon, and which shows the mean time at the 
first meridian (9), converted into degrees at the rate of 
15" to an hour, will give the longitude. If the time at the 
ship be later than that shown by the chronometer, the 

idea did BmbcI anceive t GxpUin his method. When the panUlax m 

known, how ii the dutance (oand t Whst is the diatauce of thia star from 



the earth t Wliat time is required fin' the transmlMioD of its light to oor 
glohet 

IBS. What ia the satjeet of this article 1 Whj cannot this be done hj 
means of Ihe eclipse* of Jupiter's aatellites 1 What are cbronoTDetera t 
Explain the method of fiodii^tb* loogitude of % ship at eeabj meanii of 
• chrmomMw. Oan chrooomrtos be depeodMl upon f 
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longitude is east of the first meridian, but if earlier, it is 
toest. However, as the best chronometers are subject to 
variations from change of temperature and other causes, 
it becomes important to the mariner to be possessed of a 
method not dependent on the motions produced by hu- 
man mechanism, but on the sure and well established mo- 
tions of the heavenly bodies. This latter method, which 
depends on the moon's distance from any heavenly body 
in or near her path, and therefore called the Lunar 
Method, we wdll now briefly explain. 

Iq the NauUcnl Almanac, the moon's true an^ar distances 
from the sun, Venus, Mars, Jupiter, Saturn and nine principal 
stars in or near her path, namely, » Arietis, Aldebaran, Castor, 
Pollux, Regulus, Spica Virginia, Antares, Altair and Fomal- 
httut, are given for every three hours, apparent Greenwich 
time, of every day in the year. The time for any intermediate 
distance may easily be found by proportion sufficiently correct. 
These distances in the Almanac, are the distances between the 
centres of the bodies, calculated as if observed from the earth's 
centre ; the observed distance at the ship must therefore be 
reduced to this tme distance. This reduction, which consists 
in corrections for parallax, refraction and semi -diameters, con- 
stitutes the chief difficulties of the problem. All the treaUses 
on Navigation give formulas for this reduction. When the 
true angular distance of the moon at the ship has been found, 
and also the time at Qreenwich found, when she baa the same 
true angular distance ; the difference between this time, and 
that when the observation was made reduced to degrees, will 
^ve the longitude. 



'What then becomeB impmiant to tlie mariner 1 On Vliat doea thia m»- 
tltod depend, Bad what therefore called t Wlutt are gLveD in the N'antical 
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CHAPTER XVIII. 

OsLiaCITY OF THS EcLIPTIC, EftUINOCTIAL FoiNTS, FeB- 

csasioN OF THE EauiNoxBs, Nutation, and Abeb&a- 

TION OF LlQBT. 

184. OBLiaciTT OF THE EcLiPTic. The inclination 
of the planes of the ecliptic and equinoctinl, is the obli* 
quity of the ecliptic (10). By taking half the difference- 
between the sun's greateat and least meridian altitudes 
at any place,, the obliquity of the ecliptic, or the sun's 

Esatest declination, will be obtained. Or the difference 
tween the meridian altitude of the sun, found at the 
time of the summer or winter solstice, and the height of 
the equinoctial above the horizon, which is equal to the 
complement of the latitude of the place, will give the 
obliquity. 

According to the most accurate obserrations of modem 
times, made at considerable intervals, the obliquity of the 
ecliptjc is contianally diminishing. This diminution is very 
smEJI, and at the mean of about 61" in a century, called the 
aecuiar diminution. It is the result of the action of the planets, 
particularly Veaus and Jupiter, upon the earth. After the 
lapse of a very long period^ according to La Place and others, 
the obliquity will Iwgin to increase, the limit of variation htaag 
about 2° 42'. The present obliquity of the ecliptic, 1848, b 
23" 27' 23". 

185. EaDiNocTiAL Points. The equinoctial points 
may he determined by observing the sun s declination at 
noon for a few days before and after the equinoxes. 
Then on two consecutive days of these, ifwill be found 
that his declination will have changed from north to 



1 84. Define the obliqnitj- of Uic ediptia H<nr ia it obtained ( la ika 
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south, or from south to north ; and hence the time when 
he crossed the equinoctial line can easily be found. 

Thus, on the 19th of March, 1848, the aun's declination at 
apparent noon, Greenwich, was 22' 62" south, and on the follow- 
ing day at noon 4S" north ; then 22' 52'' + 49" : 49 : : 24A. : 49m. 
39«. ; hence hie declination was Oon the 20 th of March at 11 A. 
10m. 21». A. M. apparent Greenwich time. Having found the 
precise instant when the declination is 0. and knowing the rate 
of the sun's apparent motion in the ecliptic, the point where 
the equinoctial and ecliptic intersect is easily ascertained. 
When one of these points is known, the other becomes known 
also, because they are directly opposite, or 180° distant. It is 
important that the equinoctial points should be accurately de- 
termined, because the natural or true year is computed from ' 
the instant on which the sun enters the vernal equinox nntil he 
returns to the same again. 

186. PsBcEasioN OF the EauiNOXBS. The celebrated 
and ancient astronomer Hipparchus, from observations 
which he made at Alexandria about the year 130 before 
Christ, found that the autumnal equinox was about 6" 
east of the star Spica Virginis. He also, by much re- 
search, discovered the records of some ooservations 
made 150 years before, from which it appeared that the 
autumnal equinox was 8° east of the same star. Hence 
he concluded that the equinoctial points are not fixed in 
the heavens, but have a slow motion from east to west, 
or contrary to the order of the signs, which he called the 
Precession of the . Equinoxes, because the time of the 
sun's return to one of these points, precedes that deter- 
mined by the usual calculation. This motion, according 
to Hipparchus, is about 1° in 75 years. 

Subsequent observations have confirmed the truth of this 
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motaon of the eqtunoctial points. In the year 1760, the autom- 
nal equinox was ohserved to be 20° 21' westward of SpicaTir- 
ginia; hence 130y. + l750y. : ly. : : 6° + 20° 21' : 50".4, the 
annual precession. According to a series of accnrate obaerra- 
tjom made by M. de la Cailk, the precession is 5Q".2 in a year. 
Hence if the sun crosses the equinoctial in a certain point this 
year, he will cross it 60".2 to the west of the same point next 
year; and since the sun's d^ly motion in longitude is 59' 8" 
(96.) it follows that BB' 8" : 50".2 : ". 24A. : 20m. 23*. nearly, 
which shows how much the solar or tropical year is eh<ntea' 
than the aiderial year (27.) The equinoctial points must have 
receded one sign in about 2150 years, and as the ugns of the 
zodiac are Kckoned from the pomt where the sun passes from 
the south to the north of the ec^uinoctial, it follows that the 
longitudes of the stars wnce the infancy of astronomy, have 
increased about one sign ; and hence the constellation Aries is 
now in Taurus, and Taurus in Gemini, Ac. This may be seen 
by eiamining the celestdal globe. 

1S7. RsTBOGiAnE Motion of the Pole of the Eatii- 

NOCTIAL, IN A SMALL ClSCLB, ROUNU THE PoLB OF THE 

EcuPTic. Since the latitudes of the fixed stars are their 
distances irom the ecliptic (18), and since these latitudes 
have been found, by observations made at different periods 
of time, to continue nearly the same, it follows that the 
position of the ecliptic must remain fixed or nearly so, 
with respect to the stars. Hence it is evident, that the 
precession of the equinoxes is the consequence of a slow 
motion of the equinoctial in the same direction : and be- 
cause the equinoctial changes, its pole must also necessa- 
rily change. 



WhatwaaobserrediDtheyear 11601 What ii the unoiint of tbe pc«- 
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Let ABVC 

npreseat the 
«aliptic, and p its 
pote, which is 
statioDttry ; also 
letAEVQreii- 
reseat the equi- 
noctial, and P its 
pole. Because 
the distance be- 
tween the poles 
<rf two great cir- 
cles is equal to 
tiirar inclination, 
and because the 
obliquity of the 
ecliptic, (10), or 
the inciination of 
the equinoctial to the ecliptic, remains very nearly the same, 
the pole P must always be in the small circle P P' P" described 
about the pole p, at a distance from it equal to the obliqui^ of 
Uie ecUptic. When the equinoctial is in the pwition A E V Q, 
y, the Temal equinox, will be 90° distant from the poles P and 
p, sdA consequently will be the pole of the great circle P C ^ E ; 
hence this latter circle will be the portion of the solstitial 
colure (9) at that time. Also, when the equinoctial is in the 
position A' E' V Q' at any subsequent time, V', the Temal equi- 
nox, will still be the pole of the solstitial colure, which must 
now assume the position ^ P' D p', consequently P', its inter- 
section with the small circle P P" P", will be the pole of the 
equinoctial. Hence while the venial equinox has retrograded 
from V to y, the pole of the equinoctial, with an equal angular 
motion, has also retrograded from P to P' in the small circle 
P P' P". The south pole of the equinoctial will evidently have 
S corresponding motion round the south pole of the ecliptic. 

Since the precession of the equinoxes is 50".2 in a year, we 
have 60".2 : 360° : : ly : 25816 years, the time required foi 
the equinox and pole to make an entire revolution, which num- 



Dnw the diagnun and show that the pole of die eqninoclul moves io 
% B>all drde nmad the pole of the ecliptic. Calculate the lime required 
far the pole of the eqninnctinl to nmlte an entire revolaUoa 
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ber of jean completeo the Orajtd CeUtHal Ptriod. That Bt&r 
to which the north pole of the heavena, in its motion, comes 
nearest, takea then the rank of the pote star. In IfifiO A. M, 
« Braconia waa the pole atar. The precession of the equiDozea 
will cause a small annual TariatioD in the light asceoaions and 
declinations (16) of the stars. 

188. Phtbical Cause of the Fkecesbion of the 
EairiNOXEa. If we suppose the earth to have been ori- 
^ally in a fluid state, and rotating on its axis with its 
present velocity, it is plain that the particles of matter 
about the equatorial re^ons, on account of their greater 
distance from the axis, would have a greater centrifugal 
force than those near the poles ; hence the parts about 
the equator would diminish in weight, and in order that 
^e whole mass of the earth may be in equilibrio, its equa- 
torial diameter will increase, and, accordingly, its axis 
will decrease, causing it to assume the figure of an oblate 
spheroid. 

It has been proved by investigations in physical astron- 
omy, that the precession of the equinoxes depends on the 
action of the sun and moon, on that protuberant matter 
around the equatorial parts, bringing the equator sooner 
under them, in each revolution, than if the earth were a 
perfect sphere. Hence the effects of this action of the 
sun and moon will occasion a small deviation of the 
earth's axis from its parallelism, and consequently a cor- 
responding deviation in the position of the equinoctial 
and its pole, with respect to the fixed stars. The annual 
effects of these two bodies are respectively 15" and 35".2, 
that of the moon being greater, in consequence of her 
proximity to the earth. As there is no sensible change 



What is thU period called 1 Wlut star takes the nnk of the pole Btkr ) 
'When -waa a Draconia the pole etart 

ISS. Suppoeing the earth origiuallj in a fluid state, explain, particular- 
Ij, the cause of its assnnung the figure of an oblate Bpheroid. On what 
does (he -prvitxmaa of the equinoxes depend ! What will the effects of 
the action of the eon and nKton occauon t What will be the oonsequMiee 
ofthiet What are the reapectiTe annual effects of the lan MdnuKiit 
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in the latitudes of places, it follows that there is no 
sensible change in the terrestrial axis with respect to the 
matter of the earth. 

189. Nutation. It has been stated that the preces- 
sion of the equinoxes is caused by the attractive force of 
the sun and moon on the protuberance of the equatorial 
regions of the earth. Now, when either of these bodies 
is in the plane of the equator, its attractive force will draw 
the earth towards it without changing the position of the 
axis, it keeping still parallel to itself; but tne farther the 
bodv recedes from this plane, the more will ihe equatorial 
parts be drawn than the rest of the earth. Hence the 
sun and moon, on account of their various and contin- 
ually changing positions with regard to the plane of the 
equator, will cause a small tremulous or oscillatory mo- 
tion of the axis, called Nutation. The nutation was dis- 
covered by Dr. Bradley. 

190. Abbkhation of Light, t)r. Bradley, towards 
the middle of the last century, made a series of careful 
observations with the view of finding the annual parallax 
of the fixed stars. But the result, instead of indicating a 

rkraliax, was the contrary to what had been expected, 
rom this incident he discovered the fact that there is a 
small apparent change in the positions of the heavenly 
bodies, caused by the progressive motion of light, and the 
orbitual motion of the earth. This apparent motion, 
which is common to all the heavenly bodies, but more 
Etrikii^ in the case of the fixed stars, is called the Aberra- 
tion of Light, or simply Aberration. The theory may 
be tlius explained. 

Suppose E E", regarded as a strught line, to represent 



Ib there any dumge in tlie terreatrial azii vith reapect to the maticr 

oftbeenrtht Why! 

189. What in nutation, and by irhat caused t Who discoveied it ( 

1 BO. What inddent lad to the discovery that there is an apparent 

change in the pouUon of the hearenly bodiea I By what caused t What 

n tluB apparent change called I 



Dgitiz^dbv Google 







f 


r 




\] 


r 1 


r 




— U— 4 — 



ISS AITKONOHT. 

die distance tiirongh 
which the earth is cbt- 
lied in one » 
time, and a E" the dis- 
tance through vhich 
a parljcle of light, 
coming from the eun 
or star S, mores in the 
same time. When the 
earth is at E, the par- 
tide of light entering 
the axis of a. t^escope 
at a, will descend in 
this axis while it keeps 
parallel to itself, and ~ 
moves from E to K"; hence at £, E' and E", the star will ap' 
pear successively at s, d and <". Now when the earth is at E", 
the true position of the star is in the direction E" S, and the ap- 
parent position in the directionE"*". Therefore the angle S E"*", 
or its equal, E'' a E, ezpresAing the apparent change of the star 
S from Its true place, caused by the combined motions of light 
and the earth, is the aberration of the star. The motion occa- 
»oned by the rotation of the earth on its axis is disregarded, 
because it is so small, compared with the annual motion, as to 
produce no senuble effect. 

191. Amount op Abbkration. 

Since the mean rate of the earth's motion in its orbit per 
hour is 68186 miles (84), we have lA. : 1».,: : 681B6m. : 19 
miles nearly, the orbitual velocity of the earth per second. 
The velocity of light per second ia 192961 miles (142); hence 
the triangle E a E" (eee last fig.} gives a E" : E £" : : tin a E 
E" : «« E a E" =■ nn% E" *" ; but a E" : E E" : : velocity of 
hght : velocity of the earth : : 192961 : 19. Hence 192961 : 
19 : : Mn a E E" : nn S E" «". Therefore, 



3 E" ^' = - 



19 



bEE". 



192961 
But ance the length of radius is 206264*, and also ^nce the 

Draw (lie diagram, sod explain the Uisory. 

191. What is the orlntiial velodtj of the earth per Beeond % Kixnring 
this and the velocity of light per (ecottd, bow ii tbe ^mration fbond t 
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aiu;le 8 E" <" is very Btnall, and m&y b« taken tor its rine, it 
follows that, 

19 X 206264" 
S E" b" = ■ jgggg^ «» a E E" = 20".3 n« a E E". 

The abenstion increaaes as the angle a E E" increases, and 
evidently takes place in a direetion ptuallel to, uid in the same 
way as, that of the earth's motion. When the angle a E E" is 
90 , the aberration is a maximum, or 20".3, which is nearly the 
constant aberration in longitude with regard to the sun ; bnt 
for & planet, the aberration will be afieoted by the planet's 
motion during the time that the Ught is passing from it to the 
earth. As the directions of the earth's motitin are opposite at 
opposite seasons of the year, the amount of aberration of a 
star may be ZC.S X 2 = 40".6. 

The aberrations of the stars found by observationa 
made at opposite seasons of the year, correspond with 
the computed deviations, and hence we have cot only a 
proof of the uniform transmission of light, but that the 
orbitual motion of the earth is a truth susceptible of the 
strictest demonstration. 



OHAPTEE XIX. 

KOLIPSSS OF THE I 



192. Causes or Solae and Luhab Eolifseb. An 
eclipse of the sun is occasioned by the moon coming be- 
tween the earth and the sun, so as to intercept his li^t, 
that to any place on the earth the sun may appear partly 



What IB (be eouHazA aberratim in longitude with rc^^ard to the nm t 
Wbst will ifiect the aberration of » planet t What maj be the amount 
of abemtion o[ a itar t Do the observed aberratiotu and eomputad 
deviatiooa ot the atan agree 1 What doea thi> Awt prove t 

in. Wbst oecaHMW an eaUpat of the mm t 
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or wholly covered. This privation of the sun's light is 
nothing more thaD the moon's shadow falling on the 
earth M the place of observation ; hence, all solar eclip- 
ses happen at the time of new moon. An eclipse of the 
moon is occasioned by the earth coming between the 
stm and the moon, ao as to deprive her of the sun's light, 
or by the moon enterinc into the earth's shadow ; hence 
all lunar eclipses must happen when the moon is in oppo- 
sition to the sun, or at the time of full moon. 

193. Solar Eclipses. The phenomenon of a solar 
eclipse may be better understood as to its nature and 
cause, by reference to the following figure, where S re- 
presents the sun, E the earth, and M the moon, at the ' 
change, or in conjunction. 



Having drawn the common tangents on the same and 
difierent sides of the sun and moon, and therefore iimit- 
ia^ ihe real and partial shadows of the latter body, it is 
evident that the dark shadow of the moon will tie of a 
conical form because she is globular and much smaller 
than the sun whose rays of light she obstructs. The 



Wh^a do all aolar ecUpsea happen t Wliat occsdom an eclipse of the 
moral t When must all lunar eclipeea happen I 

IBS. Show bj ilravlog the diigism, how the real and partial ihadowi 
of the moon are limited. Wbv will the dark shadow be of a cooical 
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dark conical shadow a b c of the moon t3 called the um- 
bra, and at c on the earth's surface where it falls, the 
' eclipse of the sun will be total. The bright or partial 
shadow a.1 a db e, which surrounds the umbra, is called 
the penumbra, and at d e, where it falls, there will be a 
partial eclipe ; but, at all other places of that hemisphere 
.of the earth turned towards the sun on which the penum- 
bra does not fall, there will be no eclipse. 

Ifi4. Length or the Moon's Shadow, 

Let A B, a 6, and a' b' be sections of the sun, moOD, -and 
earth, made by a plane passing through their centres S,' M, and 
E in the same str^ht line. Also, let the common tangents be 
drawn to the same and different sides of the sections of the sua 
and mo<Hi, and ther^ore l inij tJn g the sections of the umbra and 
penumbra. 




The sun and moon will have the same apparent si 
ter as seen from C, the vertex of the shadow, and this semi- 
diameter of tlie sun, namely, the angle S C A, or M C a, will 
be yery nearly the same as that seen from E the centre of the 
earth, because the distance C K, even when it is the greatest, 
is small when compared with the great distance of the sun. 
Put d = angle M C a = the sun and moon's ap. semi-diam. 
as seen from C, 
if = angle M £ a = the moon's ap. semi-diam. as seen 

from E, 
L = M C = the length of the shadow, and 
D = M K = the moon's distance in radii of the earth. 

What ia the duksbiulow called I Wliat the puilBl ihadow t Show 
frtiera there will be a total eclipse, sad where apartial onet 

IM. Draw the diagram, and fully ex^sb how the Iffiigth of the moon's 
Aadow i« found When ia the length of the ihadow greatest I 
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Now since the spparent semi-diameters of the moon u seen 
from C and E, nftmely, the augles M C a and M G a, are in- 
T«nely proportioaal to the distances H C and M G, we have, 
MP<i:M£a::ME:MC, 
or, d:i D : L, 

whence L = D -j- 

By using Uie proper values for D, <f and d (97, 107, 85), die 
shadow will be roiuid, when the sun is in apogee and the moon 
in perigee, to txl&aA about 3.5 radn of the earth beyond its 
centre. But when the sun is in perigee and the moon in apo- 
gee, the shadow will want 6.3 radii of reaching the earth's 
e^tre. 

185. Gkbatest Breadth or the Moon's Shadow at 
THE Eabth. 

When the shadow would extend to the greatest distance be- 
Tond the earth's centre, its breadth at the surface will evident- 
ly be the greatest. From c, (eee the last fig.) the point where 
Uie tangent A C would cut the earth's surface, draw c E ; then 
we have in the triangle c £ C, the ude'E C = MC — ME = 

li—~J> = [■^— l] D, cE= 1, the radius, and "the 

angle £ C e ^ tf the sun's least semi-diameter, to find the angle 
EeC. Thus, 



-K-')- 



SC c: *>nEc 



By uuog the small angles f/ and E e C, instead of their dnes, 
m nare, 

1: [-J — ^J D::<f:EcC = (<i' — </)D. 

The value of (f — d ) D will give for the angle E e C 6* 
22". But the exterior angle e E c — E c + £ C e — 6S' 



What isita extent then t Wlien is the len^ of the ehadow least I 
Sow br does it want then of rescbing the earth's centre I 

IBB. Wben will the l^-eadth of the dhadow at the earth'! surbce be 
thegreatestl E^ilaiob; tliediapwia, the method of Qadiugita breadth I 
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42" + 15' 45"=-!' IS'?" — the arc ec; and 2 ee — erf — 
2" 24' 14" — 166 miles, the ^greatest breadth or diameter of 
the circular portion of the earth's surface ever covered by the 
mooa's umbra. If the moon is at some distance from the node, 
the shadow will fall obliquely on the earth's surface, and will 
therefore cover an extent exceeding tke above diitance. 

196. Gbbatbht Breadth of the Penumbbai. Shadow 
AT THE Earth. 

The breadth of the mooa's penumbra will evidently be the 
greatest, when the sun is in perigee, and the moon in apc^ee. 
From a' (see the last fig.) where the common tangent B/ would 
out the earth's surface, draw E o' and produce it to Z, also draw 
a'Sando'M. Theangleo'ME — Sa'M + o'SM; butSa'M 
^So'B+/ffl'M^ii4"ii', the sun and moon's apparent 
semi- diameters as seen from al, and a' S M, the sun's parallax 
in altitude at a/ being so small, may be disregarded ; therefore 
a' M E — rf + (f — 16' 17".3 + 14' 41" — 31' nearly. Now 
the angle o' M E is the moon's parallax in altitude at a', and M 
<i^ Z is the zenith distance at the same place ; hence (54), we 



: wn M w Z 85' 9' - - - 9.7601878 

The angle o' E M — M a' Z — tt' M E — 86° 9' — 81' — 

340 38' — the arc a' «, and 2 a' « — a/ £' — 69° 16' — 4800 

nules, neady, the greatest breadth of the portion of the earth's 

surface ever covered by the penumbra. 

197. Gbbatbbt Breadth of the part of the Eaktb'b 

Surface, at which the Eclipse can be Annular. 
Let A S B, a m A, and a' £ d", be sections of the eun, mocra. 



Wbai m the gje&teat breadth of the earth'i tnrhce that can btbt be 
oorered by the umlxa t 

196. When will the breadtli of tha aooa't peaumbnl shadow kt the 
eartb be the greftt«Bt I EipTain by the diagram the method of flndiog iti 
breadth. What is the greatest breadtb of the earth's eurfiice that can 
arvTba covered by the pemunWat 
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and earth, slso A a and B b common tangents to the ann and 
moon, intersecting at C before meeting the earth at a' and b'. 
From e, where the axis of the shadov produced meets the 
earth's surface, draw e d and c e, tangenta to the moon. 




It ia evident that to an observer at c, or any other pcnnt of 
the earth's suriace between a' and b', the moon will cover the 
central part of the sun, leaving a laminoua ring, a&d tf, unob- 
Bcured. In the triangle o' C £, we have the angle a' C E = 
8 C B, the sun's apparent semi -diameter, aa aeen from G, which 
may be regarded the same as aeen from the earth, C E = 6.3 
radii of the earth, or the distance of the apex of the conical 
shadow from the centre (194), and a' E — • 1, or the earth's ra- 
dius, to find the angle a' B C. Thus: 

rf E, 1 - - - .0000000 

: E C, 6.8 - - - .8000294 

: : sin a' C E, 16' 17" - - 7.6754678 

: sm ir o' E, 1° 42" 46" - - 8.4754672 

But e E a' = jf a' E — rf E — 1° 42' 46" — 16' 17" — 
1* 26' 2B" — the arc o' c, and 2 a' c — a' V — 2° 52' 58" — 
19t) miles, the greatest breadth of the part of the earth's snr- 
fece at which the eclipse can be annular. 

198. Ecliptic Limits of the Sun. 

Let A B and a b represent sectjons of the aun and earth, 
made by a plane passing through their centres S and £. Draw 
the tangents A a and B b limiting the section, made by this 
plaice, of the frustum of a cone formed by rays tangent to the 
ami and earth ; and describe mml & portion of the moon's or- 



197. Draw tlie diagram and calculate the greateat breadth of tl 
of tl» earth's snr&ce at which the edipea can be umular. 
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lut abont the centre E, with a radiuB eqnal to her dietanoe from 
the earth at the time of conjunction. 




It is evident that whenever the moon comes within the frus- 
tum A a & B, there will be an eclipse of the sun somewhere on 
the earth's surface. From m, where the moon's orbit intersects 
A a, draw m E, and the angle m E S will be the apparent semi- 
diameter of the frustum at the distance of the moon as seen 
from E, the earth's centre. Now the angle mES==AES-f 
mEA — AE8 + Ema — mAE;hut AES — (i, the 
bud's apparent semi-diameter, £ m a »• H, the mooo's horizon- 
tal parallax, and m A E — j), the sun's parallax ; therefore, 
mES — rf -I- H— i>. 

If the moon's orbit were in the plane of the ecliptic, there 
would be an eclipse of the sun at every new moon ; but since 
it is inchned to it, aa echpse cannot occur, unless the moon's 
latitude (18) be less than the sum of her apparent semi-diame- 
ter d', at the time of conjunction, and the apparent semi-diame- 
ter of the luminous frustum at her orbit. 

Let N S, N m, repre- 
sent portions of the eclip- 
tic and moon's orbit re- 
ferred to the celestial 
sphere, N the descending 
node, S,S' transverse sec- 
tions of the luminous frus- 
tum corresponding to the 
direction of the sun from 
£, the earth, and m, the 
place of the moon in con- 
junction, when her lati- 
tude, which call i — d + ' 
H — p + (f , It is evi- 

1B8. Draw the diagr&n), and decnoiutntte tliat the apparent ■mni-diam- 
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dent the mtXMi will not obscure any portion of the son at the 
time of conjunction, unless she is in a portion as m' nearer the 
node than m, and consequently her latitude less than m S. Id 
the right angled spherical triangle m N 8, we have the angle 
m N S, equal to the inclination of the moon's orhit, which has 
its greatest value at the (Jme of sjEygies, namely, 6" 11' (102), 
and m S — ', to find S fi, the difference between the longitude 
of the node and that of the sun or moon. Thus. Radios : co- 
tang, m N S : : tang. / : sin S N. Taking, therefore, 6° 17' for 
m N S, and the greatest and least values of /, the above pro- 
portion wi!l pve for the great«st value of S N, 17° 17', and for 
the least, 16° 21'. 

Hence at the time of new moon, if the difference between the 
longitude of the nearest node and that of the sun or moon, ex- 
ceeds 17° 17' there cannot be an eclipse of the sun; but if the 
difference is less tliEui 16" 21', there must be an eclipse. These 
are the tolar eeliplie limilt. Should the difference in longitude 
fall between these numbers, farther calculations become neces- 
sary to determine whether there will or will not be an eclipse. 

199. Different kinds of Solas Eclipseb. When 
the moon changes in perigee, and within the solar eclmtic 
limits, she appears large enough to cover the whole of the 
sun's disc, from those places of the earth on which her 
dark shadow falls ; and, consequently, there the eclipse 
of the sun will be total. But when the moon changes in 
apc^ee, and within the solar ecliptic limits, she appears 
less than the sun, and therefore cannot cover his whole 



eter of Oie ]nm!nou» (nutatn fbrmed by tlie raja tangent to the aun aad 
earth, at the distanoa of the moon aa Been from the earth's centre, u equal 
to tbe sum of the mm'a apparent semi-diametar, and tlie diOereQce of the 
nm and mowi's bOTLZoatal parallaiea. If the moon'* ochit were in the 
plane of the ecliptic, how often would there be an edipee of tite bod t la 
Drier that in eclipse may oceor, idiat muHt the moon's latitude be less 
than I Draw the diagnim and calculate the ediptio limila of the son. 
When can there not b« an eclipse of the son t Whea must there be one T 
When does it become neoeasarj to malce &rther calculati<»u vhatlwr 
there will or will not be an eelipee I 
IM, Whan and at irtiat pUeaa can the aolipMof the nut be totel I 
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d»c irom any part of the earth ; and at that place of the 
earth which is in a straight line with the centres of the 
sun and moon, a person would see the edge of the sun 
round the dark body of the moon, appearing like a lumi- 
nous ring, called an annular eclipse. If a part only of 
the sun's disc is obscured, the eclipse is a partial one . At 
all those places of the earth, over which the axis of the 
shadow, or the strai^t line connecting the centres of the 
sun and mooij produced, passes, the eclipse will be cerUraL 
When an eclipse of the sun is considered with respect to 
the whole earth, and not with respect to any particular 
place, it is called a general eclipse. 

200. Yi9iBn.rrT of Solas Ecli^bb. As the moon 
'moves in her orbit from west to east, her shadow will also 
move over the earth's surface in the same direction; 
hence the eclipse must begin earlier at the western parts 
than at the eastern ; hence also the eclipse begins on the 
western edge of the sun, and ends on the eastern. Since 
the moon's penumbra is tangent to the earth, where the 
eclipse begins and ends, (the eclipse begins at / and 
ends at g, see fig. page 154), it follows that at the place 
where the eclipse is nrat seen, the sun will be just rising ; 
and where it is last seen, he will be setting. At all those 
places over which the axis of the shadow passes, or those 
contiguous to them, the eclipse will be either total or an- 
nular, according as the moon's apparent diameter is 
greater or less than that of the sun ; but if the axis of the 
luiadow does not meet the earth, which is the case when, 
the moon changes &r from the node, and yet within the 
ecliptic limit, there will be no central eclipse at any place. 



Wben and vbere can it be umolAT ) What is a partial eclipse 1 WLeii 
will Qte eclipae be central I Wlut does & general edipee respect t 

800. Vhj dose the edipee begin earlier at the vealam psrta of the 
earth than at tha eaatem I On vhat edge of the bud does the eclipse be- 
gin, and aa what edge end t Where will the sua appear at the place 
iriiare the edipee is fint seen t Where at the place it u last seen I Wbera 
will the eclipse be either tot^ or antialar I When wiU there be no em- 
toil edipaa at wnj pUoe, ond wbne irill there be but a partial ooa t 
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aod the partial eclipse will be visible only in a portion of 
the. northera or southern hemisphere, according as the 
moon's latitude is north or south. To a great portion of 
the enlightened hemisphere of the earth, the echpse will 
be invisible, because the breadth of the penumbra, even 
when greatest, (196), is less than half the semi- circum- 
ference of the earth. 

201. Duration of Solas Eglipbeb. The genera) 
eclipse will commence the instant that the moon's eastern 
edge touches the luminous irustum A a B b. (see flg. 
page 159), and will continue until her western edge leaves 
It ; hence the general eclipse of longest continuance will 
last during the period of time required for the moon to 
make an advance in longitude over the sun equal to the * 
sum of the diameters of the frustum and moon, or equal 
to 2 (i + H — p + (T). It has been found that the 
longest duration of a general eclipse is about six hours. 

In a total eclipse, the velocity of the moon's dark sha- 
dow at the earth's surface, will be equal to its breadth in 
the time required for the moon to advance in longitude 
over the sun equal to 2 {d' — (f), or the difference in their 
apparent diameters ; but since any point of the earth's 
surface, where the shadow falls perpendicularly, moves in 
the same direction with the shadow, caused by the rota- 
tion of the earth on its axis, we must determine the time 
required for the shadow to pass over this point, taking 
their respective velocities into consideration. The great- 
est duration of a total eclipse at any one place, is about 
eight minutes. The duration of an annular eclipse may 
be determined in a similar manner, by finding the breadth 
of the earth's surface at which the eclipse can be annular 
at the same time, and using the quantity 2 (d — (?) for 



Why will there be no eclipse to b great portion of tha enlightened hem- 
isphere of the earth t 

301. What is the longest dnnlim of a general eclipse t Explain thia 
bj reCerring to the figure. What is the greatest duration of a total eclipse 
at anj one place, and how determined t How is the dnratioD of an •>- 
nulai eclipse delermined t 
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the mooD's advance in longitude over the sun. An an- 
nular eclipse at any one place, cannot last more than 12^ 
minutes. 

203. COMFUTATION OF SoLAK EcLIPBES FOB TBB EaHTB 



. A Bolar eclipse will begin and end upon the earth, when the 
distance of the centres of the sun and moon before and after 
conjunction, ia equal to H — p + d + d' (198) ; the total 
eclipse will begin and end when this distance is equal to H — 
p — d -i- d' i and the aobular eclipse when it is equal to H — 
p + d~d'. 

From the proper tables the proximate time of new moon 
may be found ; and for this time, by means of solar and lunar 
tables,. the longitude of the sun, the latitude and longitude of 
the moon, the sun and moon's t^urly motion, their apparent 
semi-diameters, and tbeir horizontal parallaxes, may be comput- 
ed. Knowing the sun and moon's longitudes at the proximate 
lime of new moon, and their hourly motions in longitude, the 
true lime of conjunction is easily found. And, knowing the 
true time of conjunction, the moon's latitude at the proximate 
time, and her hourly motion in latitude, her latitude at the true 
time of conjunction is also easily found. 

Let A N represent the ecliptic, S the sun, and ta m" the 
mooa'n reialioe orbit, OT the moon's motion relative to the sun 
during the eclipse on the supposition that S renmns stationary. 




"Wlut is its Imgeat duration at any one place I 

S02. What ia the diatance of the ceatres of the snn and moou, when a 
■olar eclipse b^ios and ends upon the earth ) What when the kitsl 
«^pae hegiaa and ends t llie tuuniJai t How is tlie proxunats dme of 
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Onir 8C and Stn'respectiTelr perpendkiilar to 8N andN 
m, and Uy off 8 m and S m", eaJh equal loH — p + d + i ; 
tben S C will represent the moon's latitude^ and C the place <^ 
her centre at the time of conjunction, 3 N her relative moUon in 
longitude, C N her motion in her relative orbit, m m' and m." the 
places of her centre at the beginning, middle, and end of the 
eclipse. We may regard the lines necessarily small, composing 
the figure, as straight lines without mateiial error, and also the 
■un and moon's motion as uniform during the continuance of 
the eclipse. 
Put* = H— p + d + rf', 

*' =^—p — d-\-d', 

»" = R—p + d — d'. 

h = the moon's hourly motion in long. less the sun's da, 

h' = the moon's hourly motion in latitude, 

T ^ the time of conjunction, or new moon, 

t = the moon's Udttide at new moon, 

I = the inclination of the moon's relative orbit, 

A" = the moon's hourly motion in her relative orbit, 

t = the interval between time of conjunction and middle 
of the eclipse, 

t" ^= the interval between middle and beginoiiig or end, 

M := the middle of the echpse, 

B ^ the bemnning of the eclipse, 

E = the end of the eclipse. 

The quantities represented by », «', •", h, h', T and /, are known, 
■od from these, the quantities represental by I, h", t, M, f, B 
and E are derived. 

In the triangle C N 8, we have, 

K 8 : C 8 : : Radius : tang C K S, 
or, A : A' : : 1 : tang I = ^; and 

Radius:8ecCN&::N8:CN, 
or 1 : sec I : : A : A" = sec I A = 



iMir mooD ibond t TVom tliia time, b; meana of Boltr and Innar tablaa, 
wbat nuy ba nMnpnted 1 How \» tba true time of ooojunctioD found t 
Hie hmmd'i ktitode at the trbe time of ooajunetiaa t Draw the diigram' 
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Because, the triangle C m' 8 is similar to the tnangle H 8, 
and right angled, ire have the angle CSm'^-CNSi^I, 
and Cm' — CSMnCSm'; therefore, C m' or ite eqnaL 

■ t^Iiinli whence 

I tin I I tinl eotl 



360O». ttinleotl , . , . 
expressed m secoods ; hence, 

„ . „ . SeOOs. I fin I CM I ., 
M =T ±: l — T ± T the true 

time of the middle of the eclipse. When the latitude ia de- 
creaaing the upper sign must be nsed, and when it ia increasing 
the loteer sign. 

From the right angled triangles C m' S and r/im' S, we hare, 

m'8 = CScosm'SC — f ww I, and 

ram'— VmS'— m'S« — V(m 8 + m' S) (m 8 — m'S); 
butmm'=— — j t' ; whence 

('_i^V(, + IcotDii — leoil): therefore 

B ^ M — f, and E ^ H + (' become known. 

The interval for a total or annular eclipse may be found by 

using i' or «", as the case may be, instead of * in the shore ^ 

formula, 

203. COMPITTATION OF SoLAB EcLIPBES FOB A pAKTIO- 

DLAR Place. 

The circumstances of an eclipse at a given place, depend on 
the apparent relative position of the sun and moon as seen from 
that place ; hence the effect of parallax must be regarded in 
changing the apparent relative position of theoe bodies. The 
calculation then, of the time when the eclipse has any given 



and Qloslrota tbew principlBa. Point (rat Iha known and ontnown qnso- 
titiea in tlus problem, and diow how tlw latter are dorived frcmi Uie fomMr. 
808. On what do Uie cirennutancM of a soUr edipee at a p-rm plaoa 
depeodt WliatmtiBtlwngardBdl 



Dgitiz^dbv Google 



186 AB-nvnoMT. 

len the apparent i 
erf the centres of the son and mom, has a valne equal to the 
■am or difference of their apparent semi-diameten, aoeweiin^ 
to th« giren phase of the ecUpse. 

In the computaUoa it is uustomsry, because the sun's paral- 
lax is verjr small, to regard the tme lon^tude of the sun as the 
apparent longitude, and to employ the difference between tlie 
parallax of the moon, and that of the sun, called the relative 
parallax, as the parallax of the moon. 

Let T' be the proiimate time of new moon, and for this time 
compute by the tables the quantities mentioned m Article 202 ; 
also by means of the hourly motions, find the sun's longitude, 
and the moon's lon^tude and latitude for the time, an hour 
earlier than the time T,' or for T' — lA. From the moon's hori- 
zontal parallax, reduced from the equator to the ffvea place, 
subtract the sun's horizontal parallax, and denote the reminder 
by H — p. Using the latter quantity, 6nd the moon's paral* 
laxes for the times T' and T' — lA., and thence also her appa- 
rent longitudes and latitudes for these times. The difference 
between these apparent longitudes of the moon will give her 
apparent hourly motion ia longitude, and this less the sun's 
hourly motion, will give the moon's apparent relative hourly 
motion h. Also, the difference between these apparent lati- 
tudes of the mooa, will give her apparent hourly motion in lat- 
tude k'. Knomaa the apparent relative hourly motion in loo- 
{ptude, and the difference between the sun's longitude and the 
moon's apptwent longitude, at the time T' — lA., the time of 
apparent conjunction can easily be found. For this time, which 
is but an approximation to the truth, because the moon's appa- 
rent motions are not regular, find the moon's apparent longi- 
tude and latitude, and also the moon's distuice from apparent 
conjunction, which ^ill now be very small. Then by means of 
the relative hourly motion, the true time T of conjunction can 
be found ; uid by means of the moon's hourly motion in lati- 
tude, her latitude I for this time can also be found. Hence, by 
using these apparent elements answering to the true, and the 
sum of the apparent semi -diameters of th^ sun and moon, d + 
d' K a, it is evident, that the time of the middle or greatest 

On what does the caJcnlatioD of the time, when the ecUpee has a given 
phase, consigt t What U coatMoary in the oomputation t Sbow how the 
■liparent •lemenle, A, A', T and I, may be fiMmd t By osiiig theie ele- 
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obBonrataoD, and the times of the beginning and end of the 
«olipM, muf be calculated in the aame manner as in the genend 
eclipse. 

304. QuAHTiTT OF A Solas Eclipse at a Particulak 
Pi.Aox. In a partial eclipse, the number of digits (21) 
obscured at tiie time of the middle of the eclipse in that 
diameter of the sun, which when produced, if necessary, 
would apparently pass through the moon's centre, denotes 
the quantity of the eclipse. 




Thus let w,' represent the moon's centre at tbe time of great- 
est obecnration, then the digits contained in B D will expresa 
the quandty of tbe eclipse. Put B D ^ Q, and we have, 
DE : BD :: 12 :Q, 

6BD 



or, id 



BD :: 12 : Q»- 



laal; 



But B D — S D + B m' — S m' (202) — rf + rf' 

therefore Q — ■ — -, 

If the nearest distance between the centres of tbe sun and 
mooD, or the apparent latitude of tbe moon at conjunction, 
multiplied by tbe coune of tbe inclination of her apparent rela- 
tive orbit> exceeds the sum of tbe apparent semi-diameters of 
Ae sun and moon, or if i mm I > (^ -|- c^', there will be no 



DMota and tbe mm of tlie iim tad moon's apparent semi-^Ameiera, what 
may be calculated t 

S04. What deaotea tlie quantity of the eclipse at a particolar place t 
Draw Ibe diagnm, and diow bow tb* qnaiiti^ may be Kmiid Wboi 
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edipso. If this diBtaace ia lateimediBte between (d + <f) and 

id — d'), there will be a partial eclipse ; and if it is less than 
d ~ d"), the eclipse will be aimnlar or total, according Md» 
greater or less than d'. 

305. LuNAK EoLiFBBs. The nature and cause of a 
lunar eclipse may be understood by reference to the fol- 
lowing figure, where S represents the sun, E the earth, 
and M the moon in opposition. 




Having drawn the common tangents on the same and 
different sides of the sun and earth, it is evident that the. 
eclipse of the moon M, will be total as long as she is 
wholly immersed in the real shadow or umbra a 6 C of 
the earth. Should a part of the moon, but not the whole, 
enter the shadow, the eclipse will be partial; and should 
she pass but through the penumbra, she will suffer a 
diminution of light but not an eclipse. Since an eclipse 
of the moon is occasioned by a real loss of her ligh^ it 
will be visible to every part of that hemisphere of the 
earth, which is turned nest her. 



will there be no eclipra t Whro wSl the edipee be puiial I And irtten 
total at uiiiulaT t 

goe. Eownuj the n&ture unl cause of a Iuqat etJipse be better nnder- 
■toodi Dwoibe a total and partial eclipse t Wbere will an edipaeof 
thsmoonUTMlbtel 
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Oq aocount of tbe peoumbra whieh surrounds the umbra 
to a certain distance, the moon will become sensibly 
paler and dimmer before entering the real shadow of the 
earth, and on receding from it she will as gradually in- 
crease in brightness. This circumstanee renders it diffi- 
cult to note the precise times of the beginning and end 
of the eclipse. The moon, while immersed in me shadow 
is not wholly invisible, but has a dull reddish appearance. 
This phenomenon is the effect of the atmosphere refract- 
ing certain rays of the sun which enter it, and therefore 
bending their course towards the axis of the shadow, so 
that they may fall on the moon, rendering her risible. 
An ecHpse of the moon begins on the eastern limb, and 
ends on the western. When an eclipse of the moon 
happens, the sun will be eclipsed to her as long as she 
continues in the earth's shadow. 

306. Lbnqth of tub Easth's Shadow. 

If a plane be supposed to pass through the centres S and B 
of the sun and earth (see the last figure), a b G will be a seo- 
tion of the earth's shadow, and £ C its axU, or the distance it 
extends. Put E ^— L, and E o — r, the radius of tbe eart^ 
The right angled triangle E G a gives, 

nn E G a : Radius : : E a : E G, 
orWdEOa: 1 :: r : L — . "pq '. 

ButECot — SEA — EAa — li— j>; therefore 
r _ 1 ^ _ 206264" ^ 

w« (rf — p) tin (d — p) d — p 

When d — p — 16' 17" — 8". 6 •= 16' 8". 4 a maximum, 
L n> 213r a minimum. The greatest distance of the moon is 
64r, nearly ; hence the length of the earth's shadow must al- 
ways be more than 3 times the distance of the moon. 



Wliat reDdm it difSeult to note the precue timei of the begmniiig and 
Mid of tlie edipM I Is tbe moon wbtdljr mnBiUe while immeraed in tho 
euth'a eluulow t .And why I On which limb does the eclipu begin and 
etid I What occurs to the iDOoa when she ii edipied to ua I 

206. Oalculate frmn the lart fignre the miniouun extent of the eaith'e 
ahadow. What ii ita length cranptred to the nuMHi'i dManoa I 
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307. Skki-diahbtbx or tbk Eakth's SiiADOn 

If an arc be deseribed about E. (see the last fig.), wHo a r^ 
dins equal to the mow'a distance from the earth at the time ot 
opposition : the arc U m or the angle H E m, the apparent 
■emi-diamet«r of the earth's shadow at the moon, as seen from 
B, the earth's centre, is called the Semi -diameter of tbe Earth's 
Shadow. TheaogleMEm — Ema— ECm=-H — ((f— p) 
(206) B- U + j> — d. That is, the semi-diameter of the earth's 
shadow is equal to the sum of the sun and moon's hOTisontal 
parallaxes, mtnu* tbe sun's apparent semi-diameter. 

When the sun is in perigee, and the moon ia apogee, H + p 
. — tf — 63' 51" + 8".6 — 16- 17".3 — 37' 42".3, the minimnm 
ralue of the semi-diameter of the shadow; lieoce the diameter 
of the shadow is always more than twice the apparent diameter 
of the moon, and consequently more than sufficient entirely to 
mrelope her, 

llie expres^on H + p — d is obt^ned on tbe supposition 
that the conical shadow of the earth is bounded by those raya 
from the edge of the san which are tangent to the earth's sur- 
face. This IB not the exact case, because tbe observed duration 
of ecUpies has been found to exceed tbe duration computed on 
this sopposition. To account for tbis circi{fflslance, the solar 
rays, which pass near the earth's surface, are supposed to be 
absorbed by the lower strata of the atmosphere ; and bence the 
^Uameter of the shadow, and consequently the duration of the 
echpse, would be increased. On this account, it is custoinary, 
in calculating lunar eclipses, to increase the computed semi- 
diameter )>r part, making it equal toH + p — d + ^ (R + 
p — d). 

208. Ecliptic Limits op the Moon. 

If the moon's orbit were in the plane of the ecliptic, there 
would be a lunar eclipse at every full moon ; but since it is in- 
clined to it, an eclipse cannot occur unless the moon's latitude 



iOT. 7iad th* tJ tp r wriop fi>r the aemi-diunatu' of the earth's ihsdow 
at the moon. When » it a mininiuni, and what it then iti amoont t 
What is Iha eoosequenoe of (his 1 Whj u it cugtomuj. in calcalatiiig 
limai edipwi, to increase the cfxaputed Bemi-diuneter ^l^. put t 

£08. UIhe iiKMiif* Dibit were in Ihu plana of the ediptii^ how oRm 
would bw* be a Innu adipM I 
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be less than the flum of her apparent Bemi-diameter, at the Ume 
of opposition, aad the corrected semi-di&meter of the earth's 
shadow. Thus H+p — rf+^(H+p — rf) + rf' will ex- 
press the greatest latitude of the moon at c^posititm, wh«9i m 
lunar eclipse can happen. 

The figure on page 168, illustrating the solar ecliptic limits, 
may be here uaea hj supposing 3 and S' transveise sections of 
the earth's shadow, E the earth, and m the moon in oppoulaon, 
when her latitude m S = H + p — d + ^ (H + p — d) + 
(f = ^. Taking 6° 17' for m N S, the inclination of the orbit, 
and the greatest and least values of /, which are respectively 
63' 24" and 53' I", the greatest valne of S N, or the greatest 
Umit *ill be H" ati, and the least, 9° 36'. Thefe are the lu- 
nar tciiptie limilt. 

309. Computation of Lunar Eclipses. From the 
proximate time of fiill moon, and the sun and fnoon's lon- 
^tudes at this time and their hourly motion in longitude, 
ttiB true time of full moon is easily found. And knowing 
the true time of full moon, the moon's latitude at the prox- 
imate time and hourly motion in latitude, her latitude at 
the full is also easily found. 

Now the times of the rarions phases of an eclipse of the moon 
may be found by a process dmUar to that used in finding the 




WIiBt mmt the moan'i latitnde be len than, when sD eelipaa ocean I 
Draw the figure sod tkow how the limsr ecliptic limitB an found. What 
us the greatest and leut lunar ecliptic limits I 

309 Bow ii the true time of full mooo found t How is her latitude at 
fiiUalwfonDdl 
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times of a solar eefipae (202)fortIieeBrtliing«nasL Thus let 
S represent the stationary ceotre of the eanh's shadoir, aai 
m m" the moon's relative orbit. Lay off 3 m and S m" 
eacheqnaltoH + ;) — J + ^(H +p — d) + d'. and drew 
S C and S f»' respectively, perpendicijar to S N and m S. We 
shall have as in tiie eclipse ot the sun, 
y ^ ^ ^ 8600«. i sin I cos I . 



B = M — — ^^ V(, + / 008 1) (» — i COS I), and 

E = M + -^^ V(, + ^008 !){#--; cos I). 
In the aboTe formnlK, f^H + p — d +fy(}i+p — d) 
4- d', and the other letters represent quantJtl^ of the same 
name as in the solar eclipse, butat o^ipotttion instead of conjanc- 
tioo. 

210. QCANTITT or A LCNAB EcLtPSB. 

In a partial et^pse, the Rumber of digits obscured at the time 
<Sf the middle of the eclipse m that diameter of the moon which, 
when produced, would pass through the centre of the earth's 
shadow, denotes the quantity of the eclipse. When, as in a to- 
tal eclipse, the moon passes entirely within the shadow, the quan- 
tity is expressed by the number of digits contained in the same 
diameter when prolonged to the nearest edge of the shadow. 
Thus the nnmber of digits contained in B D (see the last fig.) 
will express the quantity of the echpse. Put B D — > Q, and 



or 2 f : B D : : 12 : Q — —^ 

But B D — 8 D + B m' — a m' — 

H+p — rf + i», (H-fp — <0+<'' — '«>«I = 

t — I cos I ; hence 

Q «(»-'«. I) . 



fhim tbe dsta laad in findii^ the timta irf a lolu sdipse, find the tniMi 
tt the phases of a Iimar eclipse. 

Sta Wbat denotM the qnaotitf of a lunar elipae wben partial I That 
wfaaatotdt Draw flie dbgtam and And flie formals aqnariiV As 



Dgitiz^dbv Google 



NDHBEl OF lOLIMMS IN A rXAl. 178 

If / COB I exceeds j, there will be no eclipse. If it 
is less than j, and greater than s — 2d', the eclipse will 
be partial ; and if less than « ~- 2 if , it will be total. 

311. Fekiod or EcLiFBEa. Since the moon's node 
retr<^^des 19" Stf in a year, (103) we have 860° + 19' 
20' : 360° : : 365.25if : 346.6 days, the mean period in 
which the sun moves from any node to the same again. 
This period of the sun's revolution, with respect to the 
mooD s node, and 29.53 days the period of one lunation, 
are very nearly in the ratio of 223 to 19 ; therefore the 
sun's distance trom either node at the time of any new or 
full moon, after the lapse of 223 lunations, will be very 
Dearly equal to his distance from the same node, at the 
commencement of this period. Hence after the expira- 
tion of 223 lunations, equal to 18 years 11 days, eclipses, 
both of the sun and moon, must occur again in nearly the 
same order and at the same intervals as during that time, 
which is therefore called the Period of Eclipses. 

This period was known to the Chaldean and Egyptian 
astronomers, by whom it was called Saros, and was very , 
useful in predicting eclipses. 

212. Number of Eclipses in a Year. There can- 
not be more than seven eclipses, nor fewer than two, in 
one year. When there are seven, five of these ai-e of 
the sun, and two of the moon ; but when only two, both 
are of the sun. The usual number is four. 

The sun's mean motitm in lon^tude during a synodic month. 



quantity. Show irhen there will be no eclipse. When it will be pMiiul 
Mid total 

ill. Vhnt ■> the mean petiod in wlichlLe eon movea from anj of the 
nooD's Qodea U> the nine again t Explain tius. In what ratio are thii 
period and oae Innation t What (bllowB from this t And hence what moat 
occDT again after the ei]ura|ioD of 233 lunationB t What in this period 
called I To whom known, and for what nwfdl I 

SIS. What ia tbo greatMt and lewt Dumber of edipsea that cao oocat 
ID a jear I In theae cniM, bow manj of the son and how many of tha 
toooa 1 What i* the naual number t 
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ia 29° 4', lad the ekxhi'b nodee retrc^nde in the ume time 
1° S^ ; hence the sun's motion, with respect to either node, is 
90° 86' in one lunadoo, and lfi° IS" in half a lunation. If we 
suppose the sun to be at a little less distance than 17° 17' 
(196) from the node which he is approaching, at the time of 
new moou and sOon after the beginnmg of tiie year, he may be 
eclipsed ; and the moon, at the subsequent opposition, being 
nesrly 2° frmn the other node, will be largely eclipsed, and 
come round to the next conjunction, when the.enn is a hltle 
more than 18° in advance of the former node : tbos daring the 
period of a month, there may be three eclipses, two of the snn 
and one of the moon. There will not be anoUier eclipse until 
at the next new moon which occurs at the oppoute node after 
five lunations, when the loo^tude of this node will be nearly 
14° in advance of the sun's longitude; hence at this period 
there may be also two eclipses of the sun and one of the moon. 
After five lunations again from the last new moon, and there- 
fore a little before the close of the year, the lou^tude of the 
iun will be but about 10° less than that of the fi»t node, and 
consequently he will be eclipsed. Hence in the case assumed, 
there may be seven eclipses in the year, five of the sun and two 
of the moon. ' But if we suppose the sun to have about 2o less 
longitude than the node at the time <tf new moon, and about 
one month after the beginniug of the year, he will not be near 
enough the same node again to be echpsed before the close of 
the year. In this case, as the moon will change after six luna- 
tions, very near the opposite node, there will two eclipses of 
the sun in the year ; and there will be none of the moon, be- 
cause, at the contiguous full moons, she will be at a distance 
from the noddb greater than the lunar ecliptic limits. 

The sun's ecliptic limits are greater than the moon's, 
consequently there will be more solar than lunar eclipses ; 
yet there are more visible eclipses of the moon than of 
the sun, because every lunar eclipse is visible to every 
part of that hembpbere of the earth which is turned next 



WbeD there are leven, prove that five are <rf the Bon, and two of the 
mooD. When bnt two, that both sra of the mm. Whj ve there more 
■dsr than lunar edipeea t Why, then, are there more vUilde eclipses of 
the moon than of the soiil 
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her, at the same time ; but a solar eclipse is only visible 
to that part of the earth on which the moon's shadow 
&Us. 

213. OccDLTATioNB. When the moon passes directly 
between the earth and a star or planet, and thereby ren- 
ders it invisible somewhere upon the earth, the star or 
planet is said to sutler an occultatum from the moon. 

Since the star* have neither sensible parallaxes nor apparent 
diameters, it follows that an ocoultation for the earth in gene- 
ra] will begin and end when the true distMice of the moon's 
centre from the star, before and after conjancUoD, is equal to 
H -^ ^, as expressed in the articles on solar eclipses. The 
greatest vaiw of H + rf' = 61' 29" + 16' 46" — 1° 18' 14"; 
hence if the distance between the moon's centre and the star, 
at the time of conjunction, exceeds this quantity, the star can- 
not be eclipsed. And as the greatest inclination of the moon's 
orbit or her maumuiD latitude, is 6" 11'; we find that those 
stars only, whose latitude is less than S° 17' -f- 1° 18' 14" —■ 
6" 36' 14", can be occulted. 

By allowing for the inequaliUes of the moon's motJoos, and 
taking the greatest and least values of H -f- d', it has been 
found, that if the difference between the latitude of the star and 
mean latitude of the moon, at the time of their mean conjunc- 
tion, exceeds 1° 37', there cannot be an ocoultation ; but if this 
difference is less than 51', there must be one. Should the dif- 
ference fall between these limits, the true place of the moon 
must be calculated in order to determine whether there will or 
will not be an obscuration of the star. 

The calculation of an ocoultation for a given place, is nearly 
the same as that of a solar eglipse. The star takes the place 
of the sun'a centre, bnt has neither parallax, senii-diameter, nor 



SIS. When is a st&r cr planet aud to mSkr an oecultstioi) I What ax- 
{H^Bgea the distance of the mom's cenliv from a atar at the begimung knd 
end of an occuUatioD 1 What ia the greateat Talne of thia eipreiHiool 
Hence what I What of the latitude of those stan which can be occulted I 
What IB fvther »id on this Hubjeet, vhan allowance is made tar the me- 
qoalities of the moon's motioo I How may an occultatioa be wlcnlafed 
for a given place 1 
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honrly molioti. Instead of the mooa's Utitnde, tiie different 
between the latitude of the star and that of the moon, must be 
osed 1 and in the place of the apparent difference in the longi- 
tudes of the two bodies, we have this difference reduced to an 
arc between their circles of latitude, and passing through the 
star parallel to the ecliptic. This reduction is made by multi- 
plying the difference by the cosine of the latitude of the alar. 
From what has been advanced in relation to the stars on this 
anbject, it will not be difficult to apply a similar prooees in the 
OMe of the occultalionB of the planeta. 



CHAFTEB XX. 

TBI CALENDAR. JULIAN AND QBEflOBIAN CALENDARS, ETC. 

214. Calendar. A register, fixing the dates of im- 
portant occurrences, and noting the lapse of time by 
periods, years, months, weeks, days, hours, minutes, and 
seconds, is called the Calendar. The true solar or tropi- 
cal year contains 3Q5d. 5h. 48ni. 46s. (26), and since it is 
most convenient for the common purposes of life, that 
the civil year should contain a certain number of whole 
days, it has been an object of the greatest importance to 
invent a scheme by which in all future time, these years 
may keep pace together. 

The nations of ancient times had different calendars. 
Done of which was well arranged for fixing the seasons 
of the year with any degree of precision. Julius Csesar, 
having attained considerable accuracy on this subject, 
reformed the calendar, by establishing one more simple 
and less erroneous, than any which hadobtained previous 
to his time. 



S14, What la a calendar 1 Wliat ia an object of great imprstancel 
Wbat U said of the calendars of ancient times t Tho eatablisbed oo« 
more simple and less erroneouB, Uun any previouB to bia time ! 
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215. Julian Calendak. Julius Ctesar supposed the 
year to consist of S6&d. 6h., and according to this assump- 
tion, made the civil year to contain 365 days for three 
years in succession, and to allow for the 6 hours, every 
fourth 366 days. In every fourth year he reckoned the 
23d of February twice, which was called Bis sextus dteg, 
because the sixth of the calends of March, and thrice 
this year was called Bissextile, and the day added, the 
Intercalary day. This year is now frequently called 
Leap year, ancl ww add the intercalary day to the end of 
February. According to this method of reckoning, call- 
ed the Julian Calendar, and dating from the epoch of the 
Christian era, every year that is divisible by 4 without a 
remainder, is a leap year, and the others tjommon years. 

Now since the JuliaQ year exceeds the true or astro- 
nomical year by 11m. 12s., it would follow that the times 
of the equinoxes or solstices would occur this much 
earlier every year, and for instance, the vernal equinox 
instead of happening on the 30th of March, would hap- 
pen, after a sufficient lapse of years, on a day previous 
to that date. Heoce, in order hereafter to preserve the 
commencement of the same sevens, on the same months 
and the same days of the months, the Julian correction 
itself needs correction. 

216. Gregorian Calendar. The error of the Julian 
calendar amounts to one day in about 129 years, or 10 
days in 1290 years. Pope Gregory XIII,, was the first 
to correct this error. At the time of the Council of 
Nice, which was held A. D. 325, the vernal equinox hap- 
pened on the 21st of March, and Gregory, in the year 



816. £q>Uii) tli; Jnlian colemUr. In eveij fourUi year, what dkj did 
ba reckon twice t Wlwtwwihat jear called t What tfae da; added) 
Wbat ia this jesr now frequently called t Vbat daj do we add in leap 
year I How ia it ascertained what years are, and what are not leap 
yean I How mneb doei the Julian year exceed the true year I What 
fsUowa frran this I Why doe* the Jijian correcti™ itself need oorrectiMi ! 

SIS. Who first corrected the JuUaii error, and in what year t On what 
day did like Ternal eqninoz happen, at the time of Qie Ooimdl of Nice I 
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tSSS, or 1357 years after the Council of Nice, being de- 
uroua that it should occur on or near the same day, 
ordered 10 days, nearly the accumulation of error at this 
time, to be suppressed in that year, by reckoning the day 
following the 4th of October, to be called instead of the 
6th, the 15th. Thus the calendar was reformed, and in 
order to correct it for the time to come, it was agreed 
that three intercalary days should be omitted every 400 
years ; or, that those centurlal years as 1700, 1800, 1900, 
not divisible by 400, though according to the Julian cal- 
endar bissextiles, are to be counted common years, but 
the centurial year 2000, and others divisible by 400, are 
still to be considered leap years. ~ 

The degree of accuracy according to this mode of 
reckoning, called the Gregorian Calendar, is easily found. 
The Julian error in one year is lint. 13s., and llm. 123. 
X 400 — = 3d. 2b- 40m. in 400 years ; hence, by omitting 
3 days, 2k. iOm. Ad. :: 400y. : 3600 years, the time requir- 
ed to produce an error of one day. 

317, Adoption of the GaBooarAN Calbndak. In 
England and her colonies, the Gregorian calendar was 
not adopted till the year 1753, when the error amounted 
to 1 1 days. It was therefore enacted by Parliament, that 
the day following the 2d of September of that year, 
should be called the 14th, instead of the 3d. This brought 
the English dates and the Gregorian calendar to agree, in 
consequence of the intercalary day in the latter, in the 

J fear 1700, having been omitted. The same act of Par- 
jament also changed the beginning of the year from the 
35th of March to the 1st of January. In consequence 
of the suppression of the intercalary day in the year 



Of irbat was Pope Qtegqrj deHiroua t Wlut was the ermr st tlui 
tinie,BiH] how did he correct it I What vaa agreed, in order to correct it 
for tlie time to come t What will result according to the Or^orian mode 
1^ rackoniDg t Show this bj the calculation t 

217. When was (he Qregoriui calendar adopted in Englaotl and her 
ocdauea) What ww the error then t Whnt was enacted by Parliament I 
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1800, there is now 12 days of difTerence between the 
Julian and Gregorian calendars, or the Old and New 
Stylet, as they are now more frequently termed. Ail 
Christian countries, except Russia, hare adopted the 
New Style. 



CHAPTER XXI. 



THE TIDES. 



218. Rehakks. The alternate rise and fall of the 
waters of the ocean, seas, &.C., are called the Tides, or 
Jltix and reflux of the sea. When the waters approach 
the shore or are rising, it is called Jlood tide ; and when 
again they recede, it is called ebb tide. The determinate 
limits of the elevation and subsequent depression of the 
waters at any place, are those of high water and low 
water at that place. If the motion of the water is 
against the wind, it is called a windward tide, but if 
with the wind, it is called a leeward tide. The swell in 
the ocean, called the primitive tide-wave, produces tides 
in the contiguous bays and rivers, called derivative tide- 
waves. 

210. Causes or the Tideb. The action of the sun 
and moon occasions the tid^ particularly that of the 



Whit u DOT tlie diSennoe between the Jolian uid QregorUn eaUn- 
dU3, or tlie Old and New Stales t Wlut countries Wo adi^>ted tha 
ITew Style t 

SIS. Whet are c&Ued the tidei I What the flood tide and ebb tide I 
What is underitood bj hig^ and low water at any place I What an 
windward and leeward tides ( Describe the primitiTc and deriTatiTa 
Ude-wavea t 

lis. What occanooetlie tides t 
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latter body. This power of attraction in a rraaote body 
is not the same upon the several particles of the earth, 
but accordinff to the well established theory of universal 
gravitation, decreases as the squares of the distances of 
uie particles from the centre of that body, increase ; hence 
the parts of the earth nearest the moon, for example, are 
more attracted than the lateral and central parts, and 
these again more than the parts diametrically opposite 
the former. The parts immediately under the moon are 
drawn from the earth's centre, and therefore rendered 
specifically lighter than the lateral parts, which are less 
drawn and nearly in a horizontal direction : and, the 
parts opposite to the moon, though they are drawn towards 
the earth's centre, are also specifically lighter than the 
lateral parts, which are more drawn and in a direction 
somewhat towards the earth. Now if the earth were 
entirely solid, this inequality of the moon's action in 
attracting the different particles would make no sensible 
impression on these particles, however situated ; but, 
since a large portion of the external surface is composed 
of water, which yields to these unequally impressed 
forces, it is obvious that the waters of the fluid mass 
Dearest and opposite to the moon, must rise, according to 
the principles of Hydrostatics, and be protruded till by 
their greater height thev balance the waters of the othei* 
lateral parts less altered by the inequalities of the moon's 
action. The greatest depression will evidently be in a 
great circle 90° distant from the parta nearest and oppo- 
site the moon, and if the earth 'were entirely covered 
with water, it would assume the figure of an oblong 
spheroid, having the longest diameter directed towards 
the moon. 



H<nT doea thU power of nttrustion in & remote body vary I HeDn 
iriwt I How are tlie parts immediately noder the moon, the lateral, and 
durante parts, afiected as to thur spedGo gravity, by the inequalitiBB of 
the mooo's actim I If tbe earth were entirely solid, what impresaiiKi 
mmid her unequal action make on the dilfiireDt particles t ButuDcea 
Iai|a p«rtko of the azlcniBl mrbce ii aompowd of vats, «)ndi yidda 
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Thna let M represent the moon, and E tiie earth, snmunded 
with water. The walera on the several parts of the henus- 
pbere C AD, nearest the moon, will be darwa from the earth. 




hy the attractive force which is inveraelj as the squares of the 
distances of those pwts ; hence, the specific ^v'ltj of the 
waters from C and D, where the moon appears m the horizon, 
to A where she is vertical, ifill dimmbh. Again, the waters 
on the several parts of the opposite hemisphere C B D, will be 
drawn toteardt the earth by the moon's attractive force, which 

ts tbeM onequallj impreMsd forces, what must follow t Wliere will 
Am* be tk* gfs t— t depreakio t Fnllj e^dain tkeae priodplei l^ 
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dnDinishes u the tqiures of her dietanceB from those pails in- 
crease ; heoce, also the aped&c gravity of the waters from C 
and D to B, the point opposite the moon, will diminish. There- 
fore it is evident, the fluid mass will fonn itself into an oblong; 
spheroid, causing high water both at A and B, and low water 
in the vicinity of the great circle C D, 90° distant from A and 
B. The elevation of the waters at A and B, or on the udes of 
the earth nearest and opposite to the moon ie nearly equal, 
because there is nearly an equal diminutjon of gravity in these 
positions, on account that the length of the earth's radius is 
small in compariaoo to the moon's distance. 

The time of high or low water at any place ia about 
60 minutes later than on the preceding day, because this 
is the daily variation in the time of trie moon's coming 
to the meridian of any place, and therefore according to 
the above illuatraiion, it is obvious that in the course of a 
lunar day. or 24A. &0m., there will be two floods and two 
ebbs, which we find to agree with observation. 

Similar efiects are produced in the waters of the ocean 
by the action of the sun, but in a less degree ; for although 
his whole attractive force upon the earth is about 166 
times that of the moon, yet, as his distance is 400 times 
as great, the inequality of his action at the different 
parts is therefore less. The arttractive force of the sun 
ID raising the tides, is about one-third that of the moon. 

220. SrsiNG AND Neap Tides. At the change, the 
attraction of the sun and moon is nearly in the same 
line of direction, and therefore united in raising the tides ; 
the force of both bodies is also conjoint, and the effect is 
very nearly the same at the fiill, for each raises a tide on 
the nearest and opposite side of the earth. Hence, at 



Tererring to the figure. Wly is tlie elevation on the neu-eat and oppMite 
■ides neorlj equa] t What is tlie variation in the time of high or low 
water each day ( How many flooda and ebba occur in a lunar day I 
How many times greater ia (he vhole attractive fbrce of the eun npon 
the eaith, than tliat of the mooa t How then ia the inequality of bia 
action at the different parts leaa ( What ia the ratio of these forces in 
raisji^ the tideat 
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the times of s^^ygies, the tides run stronser and higher 
than at other times, and are therefore called f^rtn^ Tides. 
But when the sun and moon difler in longitude 90° or 
270", the influence of the one body counteracts that of 
the other (see the %.) ; for the sun then produces low 
water where the moon produces high water, and the con- 
trary. Hence, at the times of the quadratures, the tides 
do not rise to their average height, and are therefore call- 
ed Neap Tides. The greatest effects of the sun and 
moon's action, do not immediately follow that action, but 
some time after ; hence, the most marked spring and 
neap tides generally occur about 36 hours afWr the times 
of syzy^es and quadratures. 

SiDC« the attractive forces of the snn and moon in raising the 
tides, are as 1 to 3, it follows that the eSiect of these forces, 
when they act conjointly, is to the effect when they counteract 
each other, as 4 to 2 ; hence the spring tides rise to a height 
above the medium surface about double that of the neap tides. 

231. Febioean and Apooean Tides. The influence 
of the moon on the waters of the ocean, is, as already 
stated, in the inverse ratio of the quare of her distance ; 
therefore the greatest tides will occur when she is in peri- 
gee, and the least when in apogee. Hence the spring 
tide!) that occur soon after the moon passes the perigean 
point, are unusually high ; and on the contrary, the neap 
tides that occur soon after she passes the apogean point, 
are unusually low. These are therefore called the Peri- 
gean and Apogean tides. 



SSO. When do the tides ran stronger and higher, and what (hen CiDed t 
Ftalljr expUn the cause of these high tides. liefer to the figure. When 
i« it, dw tides do not rise to tJieir sTerage height, sod what then called t 
£l[dain the csose of these low tides. When do the most msiked spring 
and nesp tides oocnir t Whj do the spring tides rise to a height doable 
that of the neap tides t 

2S1. Why are the spring tides unusuallj high soon after the moon 
passes the perigean point I Ajid wb;^ are the neap tides nnoBuallj low, 
sftw she passes the apc^san pmat I What are these tides called ! 
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A sl^t ehuiff« in U 
tlie vanation of the suq 



222. Effect of thb Mook's Declination on the 
Tides. When the moon is in the equinoctial, the highest 
tides will evidently ficcur along the equator. But when 
the moon declines from the equinoctial, the opposite ele- 
vations will describe opposite parallels, one of which will 
correspond to her declination. From these parallels the 
height of the tides will gradaally diminish towards the 
north and south, and therefore, in considerable high lati- 
tudes, any two consecutive tides will be of unequal height. 
At places 90° distant from the greatest elevation, on the 
opposite side of the equator, the less tide will vanish ; and 
hence, in the polar seas there will be but one small flood 
and ebb in the course of a lunar day. 

Id north ladtade, when the moon's declination is north, the 
tide will be higher when she is above the homon, than when 
she is below it ; bnt when the declination is south, the reverse 
will be the, case. This irregularity in the tides will be the 
greatest when the sun and moon have the same and the great- 
est declination. 

223. Motion and LAsaiNO of the Tides. The prim- 
itive tide-wave follows the moon in her apparent westerly 
course round the earth. This is not the continued forward 
motion of the same portion of water, but the eifect of the 
attractive force on successive portions. Though the 
moon's action is the greatest on the waters of any place, 
when she is on the meridian of that place, yet in the open 
ocean, where the waters flow freely, it will not be high 
water generally until about two hours after she has pasEh 



!S£. Wbea ibe moon is ia the eqaitKictMl,w1iere will the bigfaert tides 
occur t When the mom declinei from the equinoctial, vh; wiU two god- 
secutire tides in coosidenble hi^ latitudes, be of unequal height I And 
whj, in the polar seas, will there be but one email flood and ebb in the 
eoarse of a lunar daj I When will the inegnlsrit; in the tide* be the 
greatest, and wbjl 

iSi. How long, geoeralij, in the open ocean, aft«' the moon has passed 
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ed either the superior or inferior meridian, A want of 
time in the waters to yield to the impulse ^ven by the 
action of the moon, is the cause of this delay or Lagging 
of the tide-wave. The tide-ware does not always answer 
to the same distance of the moon irom the meridian, but 
is slightly affected in its motion, caused by the relative 
positions of the sun and moon. 

Although the ^reat tide- wave in the open ocean follows the 
moon at the distance of about 30o from her, yet the time of 
h^h water at places utuated on bays, rivers, <ko., will occur tit 
all dietances of the moon irom the meridian, and consequently 
at all hours of the lunar day. This variation in the time of lugn 
water at different places, depends on the distances wluch the 
derivative tide-waves have to pass, uid the greater or less ob- 
structions to thrar motions from capes, head-lands, and other 
irr^ulanties of the coast 

224. Establishment or a Poet, The mean interval 
between noon and the time of hi^ water at any port on 
the days of new and full moon, is called the Establish- 
ment of that port. When this has been determined bv 
careful observations, and added to the time of the meri- 
dian passage of the moon on any day, given in the Nan- 
tical Almanac, the resuh will be the proximate time of 
high water for that day. The true time is obtained by 
applying to the proximate time, the corrections due for 
the sun and moon's declinations and relative positions. 
Tables conttuning these corrections, and the establish- 
ment of the port for various nlaces, are generally given 
in treatises on Navigation. 



aiamsridiui,willitbahigli vato'l What ia this deUyof tlie tides uH- 
ed I E^ilaiD the caiue of the delay, Doea the tide-wave alwayt answer 
to the aame dietance of the moon from the meridiaa t B^r wliat affected t 
Why doea the time of high water at places uttiatad on baya, riveiB, (be, 
nccnr at all distaocea of the mooo from tbe meridian t 
iU. What ia nodo^tood by tbe estabUdiment of a port I How a tM* 
>d t How ia lh« proximate time of high water obtained I And 
>•( 
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235. Hbight of thb Tidbs at Difpeeekt Placbs. 
The differeooe between high and low water varies at dif- 
ferent places, being affected by the shape and posilioD of 
the land. At the smaU islands in the Pacific ocean, the 
average height of the flood above the ebb, is only about 
SJ feet. Alon^ the eastern coast of North America, the 
height of the tides has been thus given i at Charleston, 
S. C., 6 fi. ; at New- York, 5 ft. ; at New-Haven, 8 ft. ; 
at Boston, 11 fi. ; and at Cumberland, Bay of Fundy, 71 
ft. This last is the highest tide in the world, and ia attrib- 
uted to the meeting of the northern and southern tide- 
waves of the Atlantic, at the mouth of that bay. 

The Mediterranean and Baltic seas have very small tides, 
because in so short a time between flood and ebb, they do 
not receive or dischai^e water enough through the nar- 
row straits by which tney communicate with the ocean, 
very sensibly to elevate or depress their surfaces. Lakes 
and inland seas have no perceptible tides, because their 
extent is not sufficient to admit of a sensible inequality 
of gravity in their waters, as the result of the moon's ac- 
tion. 



S&S. Why does the diSerence between high and low water at different 
plMu^ Tuy t What ia the average height of the flood above the ebb, St 
Qie emsll isLuidH in the Faci&i Ocbho t Give the height of the tides at 
wooM of tlw moat prominent places along the eastern coast of North 
America. What is said of the tide at Cumberland, Ba/ of Fund/, and to 
iriiat attributed I Wh; have the Uediterranean and Baltic sau reiy 
mmU tidee ( And whj have lakes and inland teaa do perceptible tidea I 
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ASTRONOMY.-PART II. 



CHAPTER I. 

FKOBLEMi PEK^ORHED BY TUB TEXBEBTBIAL GLOBE. 



Any place being given, to find its latitude, and all those 
places which have the same latitude. 



Find the place on the globe, and bring it to that part 
of the brass meridian which is numbered from the equator 
towards the poles, the degree above it is its latitude (18)* 
north or south, according as the place is on the north or 
south side of the equator. Turn the globe round on its 
axis, and all places that pass under the degree on the brass 
meridian, which is the latitude of the given place, are those 
which have the same latitude. 

BZAMPLEB. 

1. What is the latitude of Constantinople ? 
Am. 41° north. 

2. Required the latitude of Petersburg ? 

S. What places hare the same, or nearly the aame latitude 
as Philadelphia ? 

Ant. Pekin, Naples, Conatan^nople, Madrid, &c. 

4. The length of the longest day at Bergen is 19 hours ; 

* Nnmben thni •oduMd in k ^aiealiiem, ntm to miticlM in part SnL 
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mqnired tliose places* which hftve the kmgest da; the nme 

5. What inbabitanta of the earth hare the same length of 
days aa the inhabitants of Havana ? 

6. Where are the seasons of the year the same as at Boston ? 
1. Find the latitudes of the following places, and all those 

places which have the same latitades : 

Berlin Madras Pana Washington 

Hambnrgh Archangel Mecca Mezico 

Ijsbon Naples Cairo Quebec 

New-York Dublin New-Orleans Toakm. 

8. What is the greatest latitude that a place can have t 

PROBLEM II. 

Ant/ place being given, to find Us longitude, and aU those 
places which ham the same longitude. 



Find the ]Jace on the zlobe and bring it to the brass 
meridian, the number of degrees on the equator, counting 
from the first meridian to the brass meridian, is the longi- 
tude (18). If the given place lie to the right hand of the 
first meridian, the longitude is east ; if to the left hand, 
the longitude is west;^ and all places under the same 
edge of the brass meridian, from pole to pole, have the 
same longitude. 

EXAMPLES. 

1. What is the loa^tude of Pondicheny f 
Ant. Tfl}° east. 

2. What places have the same, or nearly the same longitude 



* All pUces in Um mius latitnde luTe the B&me lengtli of day and night, 
■nd the Bame MaaoDi of the year, thoo^ thej may not have the Baaw 



t lite leamer ahoold itand witli Ua face toward the North Pole. 
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AiH. Lripeio, Tr{|)oli, \intt«iiburg^, Ac. 

3. Wbea it is nine o'clock in the moniing at Wasliiiigt^ai, 
what inhabilaDts* of the earth have the same hour ? 

4. What iahabitaote of the earth hare midnight, when it is 
midnight; at London ? 

Jt. What inhabitants of the earth have noon, when those of 
Baltimore hare noon ? 

6. Find the longitudes of the following places, and all those 

5 laces which have the same longitudes : 
Tew- York Quito Nankin Quebec 

New- Orleans lieghom Bombay Lima 

Copenhagen P^ermo Aberdeen Stockholm 

Archangel Canton The Sandwich Islands Fez. 

1. miat is the greatest longitude that a place con have ? 

PROBLEM ni. 

Anyplace being given, to find its latitude and longitttde.\ 

RULE. 

Bring the f^ven place to that part of the brass meridian, 
which IS numbered from the equator towards the poles ; 
the degree above it is the latitude, and the de^ea on the 
equator, cut by the brass meridian, is the longitude. 



1. What is the latitude and longitude of Moscow ? 
Ans. Lat. 56}° N. Lob. STf E. 

2. What is the ladtude and longitude of Mexico ? 

S. Find the latitudes and longitudes of the following places : 



* TboM people who ioliabtt tlie earth under Uie stme meridian fiixa 
SS° SS* north latitad«, to 66° 8S' soatli Utitnde. hare noon at the sune 
time : and wtutcver be the hour of the dmy at sny particular place, it will 
be Ute same hour at every other place aitnated tmder the same DiMidiitL 

f llw flnt and seoood ptobleme tadode this ooe, which aerves nAj •■ 
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Algtera Baedad Kingston Oporto 

AmsUrdam Cadiz Vera Cms Athena 

Aleppo Botany Bay Juan Fernandei Ja£h 

Boston Vienna ChtU'leston Panama. 



PROBLEM IV. 

The latitude and hngitude of any place being given, to 
find that place. 



Find the given longitude on the equator, and bring it 
to the brass meridian ; then under the ^ven latitude on 
the braas meridian, you will find the place required. 

BSAMPLES. 

1. What place has 166^° vest longitude, uid 19° north lat- 
itude ? 

Am. The south point of the island 0-why-hee. 

2. What place has 1 13^ east longitude, and 23° north lati- 
tude ? 

Ant. Canton. 

S. Find those places which have th« following latitudes and 
longitudes : 



60' 


24' N. 


5° 


18' B. 


6" 


9'S. 


106" 


fiS'E. 


22 


33 N. 


88 


17 K 


31 


41 N. 


81 


11 W. 


18 


67 N. 


72 


6ft K- 


5Q 


59 S. 


67 


16 W. 


34 


36 S. 


fiS 


22 W. 


29 


2 8. 


167 


48 K 


39 


17 N. 


76 


89 W. 


32 


42 N. 


79 


6* W. 



4. Find those places which have no latitude. 

5. Find those places which hare no longitude. 

6. Find that place which has neither latitude nor longitude. 

7. Find those places that hare the greatest latitude. 

8. Find those places which have the greatest longitude. 

9. Find those places that have all possible degrees of longi- 
tndo reckoned from the same meridian. 

10. Find those places that have the greatest latitude sad 
longitude. 
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PROBLEM V. 
To find the difference of latitude between any two places. 



Find the latitudes of both places by (Problem 1.), then, 
if the latitudes be both north or both south, their difference 
will be the difference of latitude ; but, if the latitudes be 
one north and the other south, their sum will be the dif- 
ference of latitude. 



1. What is the difference of ladtnde between Glasgow and 
Boston? 

Jm. 13J°. 

2. What is the difference of latitude between the Cape <^ 
Good Hope and Philadelphia ? 

Am. 74°. 

9. How many degrees is Cape Horn south of Cape Terd ? 

4. Where must those places he situated, which have no dif- 
fereuce of latitude ? 

5. What two places on the ^lobe have the greatest difierence 
of latitude ? 

6. Beqnired the difference of latitude between the following 

Cape Blanco and Cape Clear. C. Qnardafui and Cape Ambro. 

Martinico and Bermuda. Charleston and Halifax. 

Porto Bello and New-Orleans. St. Helena and Cape Farewell. 

London and New- York. Pekin and Lima. 

Cape Charles and St. Helena. Dublin and Baltimore. 

Paris and Bergen. Quebec and Mecca. 

Cape Horn and Cape Henry. Cape May and Cape St. Boque. 

IdSDOQ and Cape Town. Madrid and Berlin. 

Lahore uid Madras. Athens and Berne. 

Garaccaa and Quito. Cape Fear and Cape Cod. 
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PROBLEM VI. 
To find tAe d^erence of longitude between any two place* 



Find the longitades of both places (by Problem II.), 
then, if the longitudes be both east or both west, their 
diflerence wDl be the difference of longitude ; but, if the 
longitudes be one east and the other west, their sum wilt 
be uie difference of longitude, if it does not exceed 180°. 
If their sum exceeds 180°, take it fi^m 360°, and the re- 
mainder will be the difference of longitude. 



1. What is the difference of longitude between Kew-Tork 
and Oporto ? 

Ant. 66j^°, 

2. Find the difFereace of longitude between Archangel and 
London. 

8. How many degrees is Leghorn east of Baltimore ? 

4. What is the difference of longitude between Harvey's 
Island and Siam ? ' 

An». lOOi". 

5. What is the greatest number of d^rrees, that one place 
can be east or west of another T 

6. Required the difference of longitude between the follow- 
ing places : 

Fez and the Island of Bonrbon. Jeddo and Acapolco. 
Cape Cod and Funchal. Lyons and Rome. 

Botany BayandGongh'sIsIaad. Edmburgh and Vera Crui. 
Washington and Rochelle. Calcutta and Mexico. 

Canton and Curo. Ava and Mnscat. 

Tunis and Morocco. Naples and Cadiz. 

Bristol and Munich. Genoa and Smyrna. 

London and Boston. Lands End and Cape May. 

Peldn -and litoM. Ava and Washington. 
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PROBLEM VII. 
To find the distance betu>een any two placet.* 



The shortest distance between an^ two places on the 
earth is an arc of a great circle (6) intercepted between 
^em. Therefore, lay the graduated edge of the quad- 
rant of altitude (1 1) over the two places, so that the diri- 
UOD marked may be on one of the places ; the degrees 
OD the quadrant comprehended between the two places 
will be their distance in degrees, which multiply by 60 
for their distance in gec^rapnical miles, or by 69 (8S) for 
Uieir distance in statute mites. 



* Tbmigh this [Hvblem u recj timpU in theory, yet, when ire vpiAj it 
to pnetke, tlie difficulties which wise ara insurmountable. Wheu wiSiig 
aioag die iracklees ocean, or traTelling through unknown deserta, our onlj 
pude ii the maiimr'a compass ; and nnleag the two places be ntuated on 
the lame meridian, or on the eqoator, we nerer can take the duxltat palb, 
guided hj the compass, as measured b; the quadrant, or found bj spher. 
kal trigtnometrf. 

For example : first, let it be required to find the shortest distance be- 
tween Cape Henrj and Cape St. Vincent, situated nearly on the same par- 
allel of latitude, and differing b longitude about S7°. Hie ibortest dis- 
tance found bj spherical trigraometrj, is an •!>: of a great circle coatt^ 
ing(>S° IS', — 81SS geogra]diical miles; but if a ebip take her departure 
from Cape St Vincent, latitude 81° north, and Meer due west till ber dif 
ference of longitude be 61°, which will Mug her to Cape Henry, her true 
distance suled will be SS101 geographical mile^ moUog a circuitous 
oMnee of 1S^ geographiosl miles. Now to oouduct a ship on the arc of a 
great drcle intercepted between the above mentioned places, she must be 
steered througli all the different angles, infinite in number, from ti. 68° II' 
W. to S0°, and from thence through all the same Tariety of angles, till she 
artiTca ndkere the angle will be 68° 11', the same aa that first, which ii 
impr«ctic»ble- 

Swoodty. LatBstafaanattisrTaBnpU.Hi wMdithetwoplaewdM^ 
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Or, extend a pair of compasses between the two plaoei^ 
apply that extent to the equator, and it will show ho« 
many decrees it contains, which multiply as above for the 
distance m miles. 

IT the distance between the two places exceed the length 
of the quadrant, stretch a thread Mtween them, and mark 
tbeir distance ; apply this distance to the equator, and it 
will show the nimio«r of d^p^ea between tu two {^aces. 



1. What is the direct distance between St Helena and 8t 
Sslradw? 

Atu. SS°, = 1020 geographical miles, or 2203 Btatate tmles. 

2. What is the breadth of South America, from Cape St. 
Roque to Cape Blaoco? 

8. What is the length of Africa from Cape Bon to the Cape 
<£ Oood Hope ? 

A. What IS tlie extent of AMca in statute miles from Cape 
Terd to Cape Gnardafni t 



fa Ulitade ; mppoM Um Nand Uadeint, latitude 83° 88' K. loogltnde, 
110 6' W. and the bland Tiinidad, latitude 10° 4E' N. lon^tude, 60° 36' 
V. Theareof > great drele contBiaed between the two places, trnl^ 
Ealoolated bj spherical trigooonietrj, will be 46° SI', ^ STSl geograpbi- 
eal milei ; aiid, ia order that a ahip may nil on thia circle, she must steer 
&om Madeira, a 11° 27' W. aad Ooctuate in her course till she amTss at 
TVii]idad,wbere the course will hare gradually dei^eoaed to 8.6*° 12' W, 
which, thm^ true in theory, is impracticable. Tlieiefbre, the course and 
diatanoe must be fbnnd by middle latitude or Mercator's sailing. Tla 
ooone will be Iband to be S. 81° SS' W. and distance on that codim, 
STIIl geographical miles, making a difference of 10} geographical milee. 
Hence, it is evideDt that we neTer can tntTel or sail on an arc of a great 
oircle, guided by the compass, eicept ou a meridian or on the eqoator ; 
conaequmtly, if the two places be otherwise mtnat«d, the distaoce between 
them, and the point of the compass oo which a person must sail or trard 
from the one place to the other, must be (oond by middle latitude or ICer- 
catcr'i nilinc. 
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' 6. What U the direct distwM betireea OBp« H<Hn and th« 
Cape of Sood Hope ? 

6. What is the ext«it of Etuope in •tatuto miln from the 
North Cape to Cape Matapan ? 

1. What ia the ehorteat disbmoe between Cape Cod and the 
laUnd Bermuda ? 

8. What is the extent of the Atlantic Ocean from Cape Look- 
out to Cape Finislerre ? 

9. How many miles is Africa broader than South AmMica, 
where crossed hj the equator ? 

PROBLEM VIIL 

A place being given, to find all those places which are 
sitKoted at tne same distance from it as any other given 
place. 



Bace the division marked of the quadrant of altitude 
on the first given place, and the graduated edge over, the 
other, then obaerve the degree on the quadrant over the 
other place ; move the quadrant entirely round, keeping 
the division marked in its first Gituation, and all places 
which pass under the same degree which was observed 
to stand over the other place, are those required. 

Or, take the distance between the two places in a pair 
of compasses, and with the first place as a centre, describe 
a circle ; then all places situated in the circumference of 
this circle, are those required. 

When the distance between the two places exceeds the 
length of the quadrant, or the extent of the compasses, 
stretch a thread between them, and mark their distance, 
with which proceed as with the quadrant. 



1. What places are utuated at the some distance from Lon- 
don as Wwsaw is ? 
jbu. Alioant, Buda, Koningabu^, dta. 
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3. What plaoM are at the aame dutaacfl frtmi Uoscoir as 
Blockholm is T 

8. What islanda are ntnated at the same distance frcHn the 



TtuA phtcea 
aUadraaie 



Given the latitude of a place and its distance from a 
given place, to find that place whereof the latitude ia 
given. 



If the distance be giren in miles, reduce them to 
degrees, by dividing by 60 for gec^raphical miles, or by 
69 for statute miles ; then place of the quadrant of 
altitude on the given place, and move the other end east- 
ward or westward* (according as the required place lies 
to the east or west of the given place,) till the degrees 
of distance on the quadrant and parallel of tatitu£ in- 
tersect ; under the point of iDtersecti<m you will find the 
place required. 

XXAHPLBS. 

1. A place in latitude 13° N. is 4209 statute miles from 
London, and is situated in west lon^tude; required the place ? 

Jng. 4209 statute miles = 61°; then of the qoadraat 
placed on Iiondon, the Slst degree of the quadrant will inter- 
sect the parallel of 13° N. in west longitude, over the island of 
Barbadoes, the place required. 



■ It is na coM i u y to mentioo whether tha plMe cougiht lie to the «ait 
«r w«t of the gi^en place, beeaiue the degree* of disUooe oa the qosd- 
, rant wUl cot the parallel of Istitode io two pcant«, namely, one east at 
(Im ^t^ ^sm, and tha other wast of it 
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3. WbtU place east of Bemmda, and latitude 16° S. is 4410 
geographical miles from it ? 

8. A place in latitude fil^° N. and east of Philadelphia, it 
3120 zBograpbical miles frtHn it ; required the place ? 

4. PeCerBbui^ is 1740 geographical miles dutant from two 
places situated on the parallel of 40° N. ; required the two 



PROBLEM X. 

Given the longitude of a place and its distance from a 
given place, to find that place whereof the longitude is 
given. 



If the distance be given in miles, reduce tbem to de- 
grees, as in the preceding problem ; then, place that part 
of the quadrant of altitude which is marked upon the 
giren place, and move the other end northward or south- 
ward* (according as the required place lies to the north 
or south of the given place,) lill the degrees of distance 
oD the quadrant, and the given meridian of lonratude 
intersect; under the point of intersection you will find 
the place required. 

EXAMPLBB. 

1. A place in 76° west longitude, and situated south of 
Dnbliu, is 2820 geographical miles from ii ; required the place ? 

Aiu. 2820 geographical miles =: 47° ; then, of the quad- 
rant placed on Dubliu, the 47th degree of the quadrant will 
intersect the meridian of 76° W. soi^ of Dublin, over Phila- 
delphia, the place required. 



" It ii aetxamj to mentiui wbedier tlie plaea soaght lie to the 
norlh or Bouth of the ptea place, because the degrees of distance on the 
quadrant rnAj cut the giTen loDg;itude in t\ro pointa, namelj, the me 
norAwird of the {i<ren place, sod the other wothwatd of it 
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i. What place north of Madrid, and longitsda 30° east, is 
SOOl itatate miles from it ? 

8. What place aonthof Washhigtwi, and longitude 1S^° W. 
it S080 get^raphical milea from it? 

4. A plaee m 64^° wnt liw^tnde, and ntnatod sooth at 
liabon, is 8086 statute mSes from it ; required the place T 



PROBLEM XI. 

7^ find the bearing of one place from another. 



If both places be situated on the same parallel of lati 
tude, their oearins is either east or west from each other ; 
if they be situated on the same meridian, they bear north 
and south from each other ; if they be situated on the 
same rhumb-line, that rhumb-line .is their bearing; if 
they be not situated on the same rhumb-line, lay the 
{juadrant of altitude over the two places, and that rhumb- 
Une which is the nearest of being parallel to the quad- 
rant, will be their bearing. 

If the ^obe have no rhumb-lines* drawn on it, app4y- 
the centre of a small compass (8) to any given place, so 
that the north and south points thereof may coincide 
with some meridian; the other points of the compass 
will show the bearing of neariy all the circumjacent 
places. 

KSAMFLU. 

1. Required the bearing between Gape Hatteras and the 
island of Porto Rioo ? 

Ant. S. S. K ^ E. 

2. On what p<»Dt of the compass must a ship steer from 
Cape SM» to BOTnada ? 



* Tbrnn ara no Amnl^'liiiw drawn od aithcv Offa or Bsida^* ^otNK 
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5. Required the bearing between the lizard aad the ulsnd 
of St. Mary, one of the Western Islands ? 

4. Which way must a ship steer irata AaoeaKoa Ishtnd ta 
St Helena? 

6. Beqnired the bearing between Waahinghm and the fid- 
lowing places? 

Philadelphia Albany Savannah New-Orlaana 

Boston Pittabui^ Nashville Charleston 

St-AnguHline Tincennea Katchei New- York, 

PROBLEM XIL 
To find the angk of posiiian* between two places. 



Bring one of the places to the brass meridian, and ob- 
serve its latitude ; elevate the north or south pole, accord- 
ing as the latitude is north or south, so many degree* 
above the horizon as are equal to that latitude ; screw 



* Some inugiDB Out the angle of poaitiiHi represents die tnie bearing of 
one pUee from Bnolher, wUle othere couiend, that the ooe ia very difbr 
eut from the other. Let us endeavor to examine both more minntel;, 
' and thence dm* the conclnBion. 

By attendii^ totherulefbrfiadiiigtbeaogleof poeitiiat, aalatddomtn 
dtb problem, we ah^ find that, that part of the qoadrant of altitode, in- 
tercepted between the two placee^ ahraja (orma the base of a spherical 
triangle, and the complementa of the latitodes of the two placea, the two 
aides ; also, that the diHerence of limgitnde a the Tertical angle, "nie 
ai^lea at the base of this triangle are the angles of pomtirai between the 

1. Let two places be sitaated in the sune latitade. suppose 81° north, 
and djflbring in Icaigitnde 67°, which will neaiij cofTeBpcntd with Capa 
Hemy and Cape St. Vincent. Ifow conceive a tsriaogle on the globe 
formed by the cO'lalHude* of the two places, and that part of lite quad- 
rant of altitude between them. In thta triangle, we have two ndea and 
iLe included sngle given, to find the bue, and the angles at the base ; tha 
angles will be fbnnd to be each flS° 17', the triangle being iaosodes, and 
tlM but 6S0 18'. Nowifanii"'" 
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the quadrant of altitude upon the brass meridian ovei 
that place, and move the quadrant till its ra-aduated ed|^ 
eomes over the other place ; then the nuniber of degrees 
on the wooden horizon, between the graduated edge of 
&e quadrant and the brass meridian, counting towards 
the elevated pole, will be the angle of position (10) be- 
tween the two places. 

KXAHPl.es. 

1. What u the sagle ot position between Philadelphia and 
Paris? 

Am. d2° from the north towards the east. 

2. What U the angle of position between Paris and Phila- 
delphia ? 



■laag Ibe base, 11m angle of potilidn between 0>pe SL VnuMit Mod ea^ 
of thesB pointawillbeH. es° 17' W^batwireitpasublafbraBhiptauul 
■kog thia ar^ (aea the note to Problem TIL) b; the eompasa, she must 
fluctuate in her coarse from If. flS° 17' W. to 90 degrees, and from IheDce 
oooliDiie sailing through the same varietur of koglea, till her course be- 
comes 68° 17' ; but for a ship to sail from Cape St Vincent N. 88° 17' 
W. ebs would never arrive at Cape Uenrjr, because her true course by the 
mariner's compass from Cape St Vincent, along the parallel of 87° 
wirtb, lo Oape Benry, is invariably west 

2. Let two places be taken, differtn(> in latitudes and loogitodes ; Hup- 
poae Uw island of Madeira, latitude 8!° SB' N. longitude 17° 6' W. and 
the island of Trinidad, latitude 10° 46' N, loogitode 60° 8S' W. The 
■ngle of podlion between M. and T. calculated bj spheric^ tr^ionometry, 
is S. 11° S7' W. and the angle of position between T. and IL is, If . B4° 
SI' E. Now if we assume any number of points on the arc ot ft great 
drcle between the tito jdocea, the angle of poattioo between U. and eadi 
of those poinle will be invariably 71° 3T; whereas, the angle ot position 
between each pmnt (begiuung with that next to H.) and M. ie conlinuallj 
decreauDg, till it becomes G4° SI' ; but the direct course Srora M. to T. 
(found b^ Uercater's saihng.) is S. 61° 28' W. and from T. to M, N. fll° 
88' E. Therefore, if a ship were to sail from M., S. 11° SI' W. b; the 
cuDpBSs, she wonldnever arrive at T, and were she to sail from T, If. 64° 
81' £, she would never arrive et M. 
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a. Wliat is the angle of podtioa between WuhingbHi and 
Some? 

4. What is the angle of position between New-Tork and 
Naples? 

6. What is the angle of position between London and Arck- 
aogel? 

6. ReqiUred the angles of position between Washington and 
the following places ? 

Mexico ^orto Bello Gottenbnig Lisb(Mi 

Lima 8t. Domingo Glasgow Waraaw 

Buenos Ayrea Quito Algiers Athens. 

PROBLEM XIII. 
Tofind theAniaci, Periaci, and AtOifiodes of any place. 



For the Antaci. Bring the ziven place to the brass 
meridiaa, and observe its latitude, then uoder the same 
degree of latitude, in the opposite hemisphere you wiU 
find the (39) Antceci. 

For the Periaci. Bring the given place to the brass 
meridian, and observe its latitude, set the index of the 
hour circle to 12, turn the globe half round, or until the 
index points to the other 12 ; then under that degree on 
the brass meridian, which is the 'latitude of the given 
[dace, you will find the Ferioeci. 



OorolUrf 1. If tlie two pbe«e be en Uie eqiutw, Uie in^ of poo- 
Iko betws«D «ach plaoe aixl all the usumed pMiits between it tad the 
other, will bs V0°, aa also between each point tnd each plaeei the Hune *• 
tbe bearing hj the ctRnpas*. 

(JotoRbtj 2. Wbea the two places are ntnated do the rame meridian, 
the angle of poeitioti becomei the bearing. 

Hence, the angle of poeitiai between two places cannot reiavaent Qua 
true bearing by the ocanpaaa, except those places be utnated on the eqna- 

»• 
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For Ae AnHpotUt. Bring the given place to the brass 
meridiaD and observe its latitude, set the index of the 
hour circle to IS, turn the ^obe half way round, or till 
the index points to the other 12 ; then under the same 
degree of latitude with the ffiven place, but in the oppo- 
nte hemisphere, you will find the Antipodes. 

EXAHFLKS. 

1, Required the Antted, Pericetu, and AotipodeB of tJie 
isUnd of Bermada. 

. An*. A place utuated a little N. W. of Bnenos Ayres, is the 
Antced ; a place ia China, N. W. of Nankin, is the Periceci ; 
and the Antipodes is the S. W. part of New Holland. 

5. Bequired the Antceo, Perued, and Antipodes of Wash- 
ington. 

8. Beqnii«d the Antceci of Charleston. 
4. Beqnired the Perioeci of Philadelphia. 
G. What inhahilants of the esitb walk diametrically oppodte 
to those of Madrid ? 

6. A ship in latitude 40° S. uid longitode 1DS° £., reqnired 
her Antipodes? 

7. What places have no Antoeci, and thdr Periceci their 
An^podes ? 

8. What places have no PeiicBci, and thdr Antced their An- 
tipodes? 

PROBLEM XIV. 

To find how viany miles make a degree of longitude in 
any given parallel of &tUu&. 



Laj the quadrant of altitude parallel to the equator in 
the given latitude between any two meridians, wbich dif- 

*!n«nHEaaof tUi role will ^ipnrerideat from the Rdknring prop- 
•rtisi. 
Tta ■*»t«™" batWMn taj two meridisiM tn the •qnalor, ia to the di«- 
g meriduDB aa mj p«Bllel of latitnda^ m IIm 



Im aoBtsined in me dagrae of tlut psnllal of latitude ; but tlw 
o (Im aqofttor betw««o thoM "'■■^^■w, i* to tba ^'T■^m>^^t ob Qm 
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fer in longitude 15° ;* multiply the number of degrees 
intercepted between them by 4, and the product will give 
the length of a degree in get^aphical noiles, which mol- 
tiply by 1.15 for statute miles. • 



1. Hov many geographical and statute miles make a degree 
of longitude in the latitude of Constantinople ? 

.^n*. 4s^ gec^puphical miles, and S2 statute miles. 

2. How many milea make a degree of loagitude in the lati- 
tude of Washington ? 

3. Answer the same question as the preceding, with reapect 
to the following places : 

London Mecca Fes TTpssJ 

Edinburgh Dublin Tripoli New-Tori 

Paris Quebec Surinam Petenhnrgh. 

parallel of lalitude between the same meridiaiu, u the number of degrees 
in that distance, i» to the nmnber of degreea of equal length in the otba ; 
Uterefore the Dumber of degrees on the equator between anj two meri- 
dians, is to the number of degreee of equal length between the same me 
lidiana in to; parallel ol latitude, >e the Domber of geographical miles in 
ena d^ree of the equator, is to the Dumber of geognqdiieal mites in ooa 
degree of that parallel of latitude. 

Hun, in the latitude of 40°. the '<■'■*«"" between two msridiazu whidi 
differ in loogttode 16°, measured bj the quadrant of altitude, ia 114-° 
nearly. llieoEronl wbathasbeendemonstiated, IS" : lli''';:60m.:46m.i 
likewiae altonatel; and eonaidering the numbers abetractly IG : 60 : : 11^ 
:46; butl6:e0:: 1 :4i thercKxv I .4:: Ui:tfl; benee,!!^ X 4 — 
4S X 1 ^ 4S, the number of geografUcal miles rontaiDed in oDe degTM 
ol loogUude in the latitude of 40°. And the Dumber of geographical milea 
mdUplied b; 1.15, will giiw the Matote milee, because BO : t9 : : 1 : 1.16. 

Than great exacCnesi is required, reconiM must be had to ealeolatlai, 
* as shown b the Dote to the table amiezed to this problem, became the 
quadrant of altitude will meaaura no arc trolj but that of a great drele ; 
Bowsquently, the rule caimot be mathematicallj true, though suffidtntl]' 
correct tor all practical purposes. 

a "Hie meridiaoa on some targe globes are. drawn ttrou^ everf 10°. 
llie rulee br soeh ^<dMs w31 auww by readii^ 1 0^ fcr 1 1°, and bf m^^ 
tiflTfag hf « iortead or4. 
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Shounng how many miks make a degree of longitude, 
in every degree of latitude.* 



[Tsr 


Geo. 


Statute 


■dST 


Geo. 


mssa 


TSiT 


-?5sn 


Sutota 


i2. 


UU«. 


MUbb. 


i2: 


Hilaa. 


Miles. 


m 


Mil*. 


Milei. 


1 


69.S9 


68.99 


31 


61.43 


69.13 


61 


29.09 


33.46 


2 


S9.96 


68,95 


32 


50.88 


68.51 


62 


28.17 


32.40 


3 


69.92 


88.91 


33 


60.32 


57.87 


63 


27,24 


31.33 


4 


69.86 


88.83 


34 


■49.74 


57,20 


64 


26.30 


30.24 


6 


69.77 


88,74 


35 


49.15 


56.51 


66 


26.36 


29.16 


S 


69.67 


68.62 


86 


48.64 


66.81 


68 


24.40 


28,06 


7 


59.66 


68.48 


37 


47.92 


65.10 


67 


23.45 


26.96 


8 


69.42 


88.33 


38 


47.28 


64.37 


68 


22.48 


26.86 


9 


69.26 


68.15 


S9 


46.63 


63.62 


69 


21.60 


24.78 


10 


59.09 


67.95 


40 


46.96 


52.85 


70 


20.62 


23.60 


11 


58.89 


67.72 


41 


45.28 


62.07 


71 


19.63 


22.47 


12 


68.69 


67.49 


42 


44.59 


51.27 


72 


18.64 


21.82 


13 


68.46 


67.23 


43 


43.88 


60.46 


73 


17.54 


20.17 


1* 


58.22 


66.95 


44 


43.16 


49.63 


74 


16.64 


19.02 


15 


67.95 


66,64 


45 


42.43 


48.78 


75 


15.63 


17.86 


16 


67.67 


66.32 


46 


41.68 


47.93 


76 


14.52 


16.70 


17 


57.38 


65.99 


47 


40.92 


47.06 


77 


13,50 


16.52 


18 


67.06 


66.62 


48 


40.16 


46.16 


78 


12.48 


14.36 


19 


5S.73 


S6.24 


49 


89.36 


46.26 


79 


11.46 


13.17 


SO 


66.38 


64-84 


60 


38.67 


44.35 


80 


10.42 


11.98 


21 


66.01 


64.41 


61 


87.76 


43.42 


81 


9,38 


10.79 


22 


55.63 


63.97 


62 


36.94 


42.48 


82 


8.35 


9.59 


23 


65.23 


63.61 


63 


36.11 


41.63 


83 


7.31 


8.41 


24 


64.81 


63.03 


54 


86.27 


40.66 


84 


6.27 


7.21 


25 


64.38 


6264 


65 


34,41 


^9.68 


86 


6.22 


6.00 


26 


53.83 


62.02 


56 


33.68 


38.68 


8« 


4.18 


4.81 


27 


63.46 


61.48 


57 


32.68 


37.58 


87 


3.14 


3.61 


28 


62.97 


60.93 


58 


31.79 


36.57 


88 


2.09 


2.41 


29 


S2.48 


60.35 


69 


30.90 


85.64 


89 


1.06 


1.21 


30 


61.08 


69.76 


60 


30.00 


34.50 


90 


0,00 


0.00 



* TitB circnmlcreiMa of drclea are to eadi oilier u tbeir radii ; heooa, 
tllB Mrtli'a Mmidiaiiieter at the equator, ■» to the aanuifiain«ter of any 
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PROBLEM XV. 



To find at what rate per hour the inh^ntants of any 
place are carried, from west to east, by the revolution 
of the earth on its axis. 



Find how many miles make a d^ee of loDsitade in 
the latitude of tlie given place, (by Frob. XIV^), which 
multiply by 15 for the answer.* 

KXAHPLEa. 

I. At what rate per hour are the inhabitantB of Philadelphia 
carried, from west to east, by the revolution of the earth on its 

^iM. The latitude of PhiladeFphia is 40° N,, where a degree 
of longitude measures 46 geographical miles, or d2.8 statute 
miles. Then 46 X 15 = 690. and 52.8 X 1« = 792; hence, 
the inhabitants of Philadelphia are carried 690 get^iaphical 
miles, or 792 statute miles per hour, by the revolution of the 
earth on its axis. 

3. At what rate per hour are the inhaUtants of Petersbui^h 



farenoe of thkt parftllel of latitude, at ta the length of one d^ree on tlie 
equalor. is to tlie Len)^ of one d^ree on that pusllel oT latitude. Bat 
tbe wmidiameter of tlui earth at tlie equator ii the sine of S0°, sod the 
•emidiBineter of laj parallel of latitude, ia tlie codne of that latitude ; 
tlieiefcm aa nulius is to the eoaine of an; paiallel of latitude, so i* SO geo- 
grafducal miles, the length <d a degree o« the eqnator, to the length of a 
dagf«a in geographical mUes, on that pwallcJ of latitude. Bj the laat pro- 
portion the table was coostmoted. 

* 'Hw reaaon of this mle ii erideat, becaoM BIKfi ^ S4 — W, flM 
nnmlier of degreea the inhabitant* of the earth are earned in one hoar ; 
beooe tbe number of milee oontained in one degree of hngilnde on an;- 
parallel of latitude nuiltiplied bj IS, giraa the nombar of miles the inbah- 
itaDlasr*BaniednHmd4ieMlwiir, go IhatpanUlat oflatitnda. 
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earned bf tlie rerolntion of the eaiOi on its azu from west h> 

eartl 

3. At what rate per hoar are the inhalutaiits of the follov- 

iag places carried by the rerolution of the earth on its axis from 

west to east? 

Cairo Moscow Boenoa Ayres Waahin^ton 

Vienna Bergen Quito Kew-York 

Concepti(»i London Stockholm Cadiz 

Baltimore Mexico Lima Qaebeo. 

PROBLEM XVI. 

IVie hour of the day being given at any place, to find 
what hour it is at any other place. 



. Bring the place at which the hour is given to the brass 
meridian, and set the index of the hour circle to 12 ;* 
turn the globe on its axis, the nearest way, till the other 
plaoe cornea to the brass meridian, and the hours passed 
over hy- the index, will be the di^rence of time between 
the two places. If the place where the hour is sought lie 
to the east of that at which the hour is given, the hour 
there is the diflerence of time later than the given hour ; 
but if it lie to the west, it is the difference of time earlier. 

Or, find the difference of longitude in degrees between 
the two places, (by Prob. VI.), which reduce to time by 
dividing by 15f for hours, and the remainder, if anv, 
multiply b^ 4 for minutes. The diSerence of longitude 
in time, will be the difference of time between the two 
places, with which proceed as above. 

Note. — The rules given by some authors for the solu- 



* It mattera not what boor the indez u let to, but IS a fha mot can- 
Tenioit. On Bome globes tlw bnag mnidiBn ierrei u an index. 

t BecaoM seo° ^ 34— 1G°-, thenfim 1B° diffiu-eDce of kogitecle is 
eqiul to one liaar, sod ooonqnoitlj one degree is aqoBl to four urates 



Dgitiz^dbv Google 



THE TI^MBTXIAL SLO^K. 307 

tion of problems, requiring the use of the hour circle, are 
not general, but omy answer for some particular hour 
' circle. This rule and all succeeding ones are general, 
and they will answer any hour circle whatever. 

EXAMPLES. 

1. When it IB nine o'clock in the morning at Philadelphia, 
what hour is it at London ? 

^N*. The difference of time between the two places will be 
found to be 5 hours ; and because London hes to the east of 
Philadelphia, it is 6 hours, the difference of time later there ; 
that is, it is two o'clock at London in the afternoon. Or, the 
difference of longitude between the two places is 7S° 11', which, 
divided by 16, gives 5 hours 44 seconds, the difference of time ; 
and smce London lies to the east of Philadelphia, the clocks 
there are Sh. 44*. fiister than those at Philadelphia ; hence, 
when it is nine o'clock at Philadelphia in the morning, it is 44 
seconds past two in the afternoon at London. ■ 

3. When it is eleven o'clock in the morning at liabon, what 
is the hour at Washin^n ? 

8. When it is midnight at Uexico, what hour is.it at Canton f 

4. When it is one o'clock in the morning at Madras, what 
hour of the day is it at Baltimore ? 

5. How much are the clocks at New Yod slower than those 
at Constantinople ? 

6. Whether are the clocks of Buenos Ayres faster or slower 
than those of Baltimore, and how much ? 

Jitu. The clocks of Buenos Ayres are Ih. 13m. faster than 
those of Baltimore. 

7. When it b half past ten o'clock in the afternoon at 
Charleston, what is the hoor at Madrid? 

8. My watch being well regulated when I left Amsterdam, 
but when I arrired at Uarana, it was 5 hours and 40 minutes 
foster than the clocks there. How much did it gain <« lose 
during the Toyage ? 

Ans. It lost 9 minutes. 

9. When the sun wants 3 hours uid IS minutes of coming 
to the meridian of Boston, what time bag elapsed sinee be came 
to the meridian of Paris on that day ? 
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PROBLEM XVII. 

7^ hour of the day being given at an^ place, to find all 
tkote places on the globe where it u any other given 
hour. 



Bring the mven place to the brass meridian, and set 
the index of the hour circle to 13 ; then, if the hour at 
the required places be earlier than the hour at the given 
place, tUto the globe on its axis eastward, till the index 
has passed over as many hours as are equal to the dif- 
ference of time between the hour at the given [dace, and 
the hour at the required places ; but if the hour at the 
required places be later than the hour at the given placCi 
,tum the globe westward on its axis, till the index has 
passed over as many hours as are equal to the same dif- 
ference of time, and in each case, all the places required 
will be found under the brass meridian. 

Or, reduce the dilTerence of time between the hour at 
the given [riace and the hour at the required places into 
d^rees, by allowine 15° to an hour. The difference of 
time in d^rees, will be the diSerence of longitude be- 
tween the given place and the required places ; then if 
the hour at the required places l>e earlier than the hour 
at the given place, the required places lie so many de- 
grees to the westward of the given place as are equal to 
the difference of longitude ; but ii the hour at the re- 

auired places be later than the hour at the given place, 
le required places lie so many degrees to the eastward 
of the given place as are equal to the diderence of lon- 
gitude.* 



* A thorough imdentaDdiDg of this problem uid ill oUien of a lika 
tutnra, depeoda aa *. correct ides of the rotktioD id the earth on iti *^m, 
from vest to east Let tu eoDoeiTe the ran fixed tX an immenM iti-tjn-j 
' froM tiM Mrtih Mod orer the mwidun of BaItiauK« ; aow, wfaeo dw nm . 
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1. When it is nine o'clock at Philadelphia ia the monuog, 
at what places is it half post four in the afternoon ? 

Am. The difference of time between nine o'clock in the 
morning and half past four in the afternoon, is 7^ hours, and 
the time at the required places is lat«r than at Philadelphia, 
the given place ; therefore they must lie to the eastward of it. 
Bring Philadelphia to the brosa meridian, and set the index of 
tiie boor circle to 12, then by taming the ^lobe westward till 
the'index has passed over 7^ hours, yon bnng those places to 
the brass meridian, which lie eastward of Philadelphia, and 
have the hour of the day 1^ hours later than at Philadelphia. 
All the places of note under the meridian are Moscow, Aleppo, 

Or, the difference of the time between Philadelphia and the 
required places, is 7 hours 30 minutes, which multiplied by IS 
produces 112" 30', the difference of longitude between Phila- 



wi* orer One meiidisn of anj other placa utiuted 1S° eagtward oF Balti- 
nore, the earih laoBt bue turned on ila uaseutword lB'',Drtlie tveoty- 
fourth put of UM rotation, equal to one hour of time, to bring him to the 
meridian of Baltimore ; coDsequeolIy. when it is'noon at Baltimore, it ii 
ooa hour peat noon, or me o'clock at all places utuated 1B° eastward of 
Baltimore, and at all places S0° eastward it is two o'clock, ia. Aiao, 
when the sun is oTer the meridian of those places situ^ed 15° westward 
of Ballimn^ the earth raust bare tamed on its axis IS' eastward, eqoal 
to one boor of time, to bring him there, unce he was over the meridian of 
Ballimoie ; ocoseqaeDtly, when it ia nom at Baltimcse, it wants Mie hour 
to aoea at all places sitoated 1B° vestvard of it. or when it is twelve 
o'dock at BaltinHfe, it ia eleven o'clock at all places situated IS° west- 
ward of it, and toi o'clock at those places situated 30° westward of it, 
Ac Hence, the following observations are evident. 

If a ship sail from anj port eastward round the earth till she arrives 
at the same port again, the people of that ship will reckon one entire day 
more than Utcee of the pMt; but if she sail westward, ttiey will reckon 
one l«gs. Thensfive. if two ships sul from the same port, the one esst- 
vaid and the other westward, dll thej arrive again at the place from 
wfaiiA thej departed, their dates irill di&r two days, the ooe having 
gUDsd and the other lost a day. 
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d«lplua and the required places ; ttoA, unce the hour at tbe re- 
quired places is later than the hour at Philadelphia, the giren 
plaoe, tit«y must lie 112° SO' to the eastward of it. Hence, 
all places situated 1 12° 90' eastnArd of Philadelphia, are those 
required, and they will be found to be Moscow, Aleppo, <kc. 

2. When it wants 7 minuteB to one o'clock in tbe afternoon at 
Paris, where does it want a quarter to 9 o'clock in the monung ? 

Aiu. The difference of Ume betwera Paris and the required 
places, ta 4 hours and 8 tninutee, and the time at the reqtured 
places is earher thaa that at Paris ; therefore, the required 
places he 4 hours 8 minutes westward of Paris. Bring Paris 
to the brass meridian, and set the index to 12, turn the globe 
on its axis eastward, because the required places he to the 
westward of the given place, till the index has passed orer 4 
hoars 8 rainutea,* the difference of time ; then alt places under 
the brass meridian are those required, and they will be found 
to be Barbadoes, Falkland Islands, -.^c. 

8. When it wants a quarter to nine o'clock in tbe morning at 
Constantinople, where is it noon ? 

4. When the aun comes to the meridian of Greenwich, 
where it is but 20 minutes past five o'clock in the morning 1 

Ant. Mexico. 

$. When it is a quarter past noon at London, what inhabi- 
tants of the earth hare mionight ? 

6. When it is 20 minutes past noon at Dublin, where is it 
two o'clock in the afternoon ? 

7. A ship in 45° north latitude, and the mariners having lost 
all reckoning with respect to longitude, but from a correct 
celestial observation found it half past 10 o'clock in the morn- 
ing, when it was but a quarter past nine by a chronometer, 
which shows the hour at Philadelphia. Required the longitude 
of the ship. 

Jn». 56° 2«' W. 



* If the hour drele be not dmded into parts leM tlian a qouier of an 
boor, turn tlte glotn eutvard till the index has pueed over t houra -, ibra 
b^ tnming it two degrees mere to tbe ext (reckoiiiig OQ Ifae equator) id- 
•werin^ to B miaaloa of time, ;ou will Iiave tbe solntini vmj Bi*£t Or, 
(br lay number of minutei whidi eamiot be reckoned on the hour circle, 
tun the globe *• many degreei as will eone^tond with that number of 
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8. He clocln of a certun city in the weatem CoatnieDt, ar« 
5 honn 8 minutee dower thui the clooka of London ; required 
that city. 



PROBLEM XVIII. 

To find the sun's longitude, or his place in ike ecliptic, 
and his declination, for any given day. 



Find the given day in the circle of montha on the 
horizon, (6) against wnich, in the circle of signs, are the 
sign and d^ree in which the sun is for that day. Find 
the same sign and de^ee in the ecliptic on the globe ; 
bring the degree thus found to that part of the brass me- 
ridian which is numbered from the equator towards the 
poles, the degree above it on the brass meridian is the 
sun's declination north or south, according as it is on the 
north or south side of the equator. 

Or, by the Anakmma* Find the day of the month on the 
analemma, and bring it to that part of the brass meridian 
which is numbered from the equator towards the poles, 
the degree above it on the brass meridian is the sun's 
declination. Bring that partf of the ecliptic which cor- 



* nw HMlemnM on tlte globe Usiuinnriliippaintad on iomeraciuit 
part of it, from the tropic of Oaiic«r to the Vmpe of CapricoriL It !■ 
'diriiled into two parts, bj % straight Vae dnwn through the middle from 
ene end to the other, lie right hand pirt commsDcsg st the imter tiA- 
■tice, or December ilit, tmd is divided into months and days of the 
months, towards the smnmer eotetice. ix Jane Slat, correqwndent to the 
mtia d«cIination Ibr erety day in that bilf of the year. Hie left hand 
part oommeDc«s at the Htunmer solstice, and is divided siniilBrly to the 
right hsod part, towards tbe winter aoUtice. On Gary's globes the bdb- 
lenuna reseroUea the figure 8, having been drvwn in this shape for the 
coovemence of showing the eqnation of time. 

f ir the son's deelinatioii b« north, and increanag, th« gan's loogitode 
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respoods with the day of the moaUi, to the brass meri- 
dian, and observe, what degree of it passes under the de- 
gree of the Bun's declination ; that decree of the ecliptic 
will be the sun'a longitude, or place in the ecliptic, for 
the given day. 



1. What is the sun's longitude and decUnation on the 10th 
of May? 

Am. The sun's longitude is 20° in V , declination 1 7}° N. 

The earth's place, aa seen from the sun, among tJie fixed 
stars^ always in the sign and degree opposite the ann's place. 
Thus, when the sun is 30° in if , tiie earth is 30" in v\.. 

2. Required the earth's place, as seen from the sun, on the 
80th of October ? 

The Bun's place being given, the day of the month coires- 
pooding may be found on the bonzon, in the drcle of months 
opposite the given sign and degree. 

3. On what day of the month does the sun enter each of 
the signs? 

1. Required the sun's place in the ecliptic and his declination 

on the 11th of October? 

6. Required the aun's longitude and his declination on thn 

following days ? 

January 14, April 30, July 31, October 8, 

February 26, May 7, August 28, November 19, 

Uarch 18, June 10, September 2, DeceinberSO. 



will be aomeriiere betweui Aiies and OMwer, andUut part of the eclip- 
tic rnuat be broogbt to the Ymm meridian ; but if decreasing, tlie loagi- 
tude will be between Ommct and Libn. If tlie bud'b declinatioo be 
aonth, and increiaiDg, the bud's IcogitDde will be between libra and Oap- 
neon; but if decreBaing, tbe hmgitode will tw between Capriccm and 
Anea. 
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JAiniAST. 
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1 


23" 
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22 


56 
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7 14 
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20 45 


23 25 


26 


19 29 


10 28 


1 12 


12 25 


20 67 


23 23 


27 


19 16 


10 8 


1 35 


12 46 


21 8 


23 21 


28 


19 2 


9 46 


1 68 


13 6 


21 19 


23 18 


29 


18 48 


9 26 


2 22 


13 26 


21 29 


23 16 


30 


18 34 


9 4 


2 46 


18 46 


21 39 


23 11 


81 


18 19 


8 42 




14 6 




23 7 
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PROBLEM XIX. 

To shtno the comparative lengths of the days and nighu 
at the equinoxet (18), at the summer solstice, and at the 
winter solstice. 

I . For the Equinoxes. At the time of the equinoxes, 
the suD has no declination, being at that time in the equi- 
noctial in the heavens, which is an imaginary line stand- 
ing vertically over the equator on the earth (7) ; therefore, 
place the two poles of the globe in the honzon, and sup- 
pose the sun to be fixed at a considerable distance from 
the dobe, in that part of the equinoctial in the heavens, 
whidi stands vertically over that part of the brass meri- 
dian which is marked 0. Now it is evident that the 
wooden horizon will be the iMundary of light and dark- 
ness on the globe, and that the upper hemisphere will be 
enlightened from pole to pole. 

If you bring any place to the western edge of the 
horizon, the meridian passing through that place, will 
comcide with the western semicircle of the horizon, and 
the sun will appear to be rising in the east to all places 
situated on that meridian ; and to all places situated on 
the opposite meridian, which coincides with the eastern 
semicircle of the horizon, he will appear to be setting in 
the west ; turn the globe gently on its axis towards the 
east, and to the different places which successively enter 
the enlightened hemisphere, the sun will appear to be 
rising, and to those which enter the dark hemisphere, he 
will appear to be setting. All the parallels or latitude 
north and south of the equator, are divided into two equal 
parts by the horizon ; that is, all the diurnal arcs are 
equal to all the nocturnal arcs (95) ; therefore it follows, 
that in turning the globe once round on its axis from west 
to east, every place on its surface will be the same length 
of time in the enlightened hemisphere as in the dark hem- 
isphere ; consequently, at the tune of the equinoxes, the 
days and nights are equal, ot twelve hours each all over 
the world. 
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2. For the Summer Solstice. The Bummer Bolstice, to 
the inhabitants of north latitude, happens on the 21st of 
June, when the sun eaters Cancer, at which time his 
declination is 23° 28' north. Elevate the north p^ 
23V above the north point of the horizon, bring the be- 
ginning of Cancer in the ecHptic to the brass meridian, 
and over that degree of the brass meridian, under which 
tfie beginning of Cancer stands, suppose the sun to be 
fixed at a considerable distance from the glcAe. While 
the globe remains in this position, the horizon will show 
the Boundary of light and darkness^ and to all places in 
the western semicircle of the horizon, the sun will a^^ar 
to be rising ; and to all places in the eastern semicircle 
of the horizon, he will appear to be setting. 

The planes of all the parallels of latitude are parallel 
to one another, because each of them is parallel to the 
plane of the equator, and all these planes of circles from 
the Arctic circle to the Antartic circle (14), will be cut 
obllquel}^ by the plane of the horizon, which touches the 
Arctic circle and diametrically opposite touches the Ant- 
artic circle, so that from the equator northward, as far at 
the Arctic circle, the diurnal arcs, or those above the hori- 
zon, will exceed the nocturnal arcs, or those below the 
horizon; hence, the length of the day exceeds the length 
of the night ; and all the parallels of latitude within Uw 
Arctic circle will be wholly above the horizon ; conse- 
quently, those inhabitants will have no night. Yrom the 
equator southward, as far as the Antartic circle, the noc- 
turnal arcs will exceed the diurnal arcs, so that the length 
of the night exceeds the length of the day ; and all the 
parallels of latitude within the Antartic circle will be 
wholly below the horizon; therefore, the inhabitants (if 
any) will have twilight or dark night. 

If we take any parallel of latitude north of the equator, 
and compare it with that parallel of latitude, which ia 
the same distance south of the equator, as it is north, we 
will find that the diurnal arc of the northern parallel, is 
equal to the nocturnal arc of the southern parallel, and 
the nocturnal arc of the northern parallel, equal to the 
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diuroal arc of the flouthem parallel ; conBoquently, when 
the inhabitants of north latitude have the longest day, 
those in south latitude have the longest night ; and when 
the inhabitants of north latitude have the shortest ci^t, 
those of south latitude have the shortest day. The days 
at the equator are always 13 hours long, becau^ it ia 
divided into two equal parts by the horizon, making the 
diurnal arc equal to the nocturnal arc. 

3. For the Winter Sobtice. The winter solstice, to 
the inhabitants of north latitude, happens on the 21st of 
December, when the sun enters Capricom, at which time 
hia declination is 23° 28' south. Elevate the south pole 
23i° above the southern point of the horizon, brina 
the beginning of Capricom to the brass meridian, ana 
over that degree of the brass meridian under which the 
beginning ofuapricom stands, suppose the sun to be fixed 
at a considerable distance from the globe. Now, aa at 
the summer solstice, the horizon will show the boundary 
of light and darkness, and to all places in the western 
semicircle of the horizon, the sun will appear to be rising ; 
and to all places in the eastern semicircle of the horizon, 
he will appear to be setting. 

From the equator southward, as far as the Antartic 
circle, the diurnal arcs will, exceed the nocturnal arcs ; 
hence, the length of the day exceeds the length of the 
night ; and, all the parallels of latitude within the Antartic 
circle, will be wholly above the horizon ; consequently, 
the inhabitants (if any) will have no night. From the 
equator northward, as far as the Arctic circle, the noc- 
turnal arcs will exceed the diurnal arcs, so that the length - 
of the night exceeds the length of the day ; and, all the 
parallels of latitude within the Arctic circle, will be wholly 
Delow the horizon ; therefore, the inhabitants will have 
twilight or dark night. The inhabitants south of the 
equator wilt now have their longest day, while those north 
of the equator will have their shortest day. As at the 
tummer solstice, the days and nights at the equator are 
equal, being each 12 hours long. 

10 
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PROBLEM XX, 



7h i&utrate the three positions of the aphere (15), 
Right, Parallel, tout Oblique. 

1, For the Right Spkere. The inhabitants of the equa- 
tor have a right sphere, the north polar star (2) appearing 
always in (or very near) the horizon. Place the two 
p^es of the globe in the horizon, then the north pole will 
correspond witK the north polar star ; and all the heav- 
enly bodies will appear to revolve round the earth trma 
east to west, in circles parallel to the equinoctial ; one half 
of the starry heavens will be constantly above the hori- 
zon, and the other half below, bo that the stars will -be 
vbiUe for 12 hours, and invisible for the same space of 
time ; and, in the course of a year, an inhabitant upon 
the equator may see alt the stars in the heavens. 

When the sun is in the equinoctial, he will be vertical 
to all the inhabitants on the equator, and his apparent 
diurnal path from east to west, will be over that line ; 
when the sun has 10° of north declination, his apparent 
diurnal motion will be nearly along that paralld ; and, 
when he has arrived at the tropic of Cancer, his diurnal 
path in the heavens will be over that line, and he will be 
vertical to all the inhabitants on the earth in latitude 
28° 28' north. Now, during this apparent motion of the 
sun from Aries to Cancer, every place on the earth, from 
the equator to the tropic of Cancer, will have the sun ver- 
tical, when his declination is equal to the latitude of that 
place; and, during his prepress from Cancer to Libra in 
the ecliptic, he will be vertical to all the same places. In 
the same manner, the sun will be vertical to all places 
from the equator to the tropic of Capricorn, during his 
apparent motion from Libra to Capricorn ; and also ver- 
tical to all the same places, during his apparent motion 
from Capricorn to Aries. Hence, the sun is verticd twice 
everj' year, to every place on the earth between the tropic 
of Cancer and the tropic of Capricqm, or to every place in 
the torrid zone (28). During one hijf of the year an inhab- 
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itant on the equator wilt see the sun due north at nooo, 
and during the other half due south at noon. The great- 
est Dieridian altitude of the sun will be 90°, and the least, 
66° S3'. The inhabitants on the equator have a right 
q>here, because the equator and all the parallels of latitude 
cut the horizon at right angles, and the horizon divides 
them into two equal parts, making equal day and night. 

2. For the ParaUei Sphere. The inhabitants of the 
north pole (if any) have a parallel sphere, the north polar 
star in the heavens appearing exactly, or very nearly, over 
th^r heads. Elevate the north pole 90° above the hori- 
zon, then the equator will coincide with the horizon, and 
all the parallels of latitude will be parallel thereto. When 
the sun enters Aries, on the 30th of March, he will be 
seen by an inhabitant of the north pole to skim along the 
edge of the horizon ; and as he increases in declination, 
he will increase in altitude, the altitude always being equal 
to the declination. The sun will form a kind of spiral 
curve from the equator or horizon, till he arrives at the 
tropic of Cancer, when his greatest declination is 23° 28' 
equal to his greatest altitude, after which time he will 
gradually decrease in altitude as his declination decreases. 
When the son arrives at the sign Libra, he will again ap. 
pear to skim along the edge of the horizon, after which 
be will totally disappear, having been above the hwizon 
for six months ; consequently, the stars and planets will 
be invisible during that period. Though the inhabitante 
of the north pole will lose sight of the sun in a short time 
after the autumnal equinos, yet the twilight will continue 
for nearly two months, or till the sun descends 16° 
fielow the horizon, after which all the stars in the northern 
hemisphere will become visible, and appear to have a di- 
urnal revolution round the earth frMn east to west. The 
planets, when in any of the northern signs, will be visible. 

The inhabitants under the north polar star, will have 
the moon constantly above their horizon during 14 revolu- 
tions of the earth on its axis, because, at every full moon, 
which happens from the 23d of September to the 20th pf 
March, the tooon is in some of the northern signs, and 
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consequently, TisiUe at the north pole ; for the sun being 
below the horizon at that time, the moon must be above 
it, as she b always in that sign which is diametrically 
opposite to the sun at the time of full moon. When 
the sun is at his greatest depression below the horizon, 
being then in Capricorn, the moon is then at her first quar- - 
ter in Aries, fiill in Cancer, and at her third quarter in 
Libra ; and as the beginning of Aries is the rising point 
of the ecliptic. Cancer the most elevated, and Libra the 
setting point ; it follows that the moon rises at her first 

S|Uarter in Aries, is most elevated above the horizon and 
uU in Cancer, and sets at the beginning of Libra in her 
third quarter; having been visible during 14 revolutions 
of the earth on its axis. Thus the north pole is supplied 
one half of the winter time with constant moon light in 
the absence of the sun ; and the inhabitants only lose sight 
of the moon from her third quarter to her first, while she 
gives but little light, and of course can be but of little or 
DO use to them. The inhabitants of the north pole have 
a parallel sphere, because the equator coincides with the 
horizon, and all the parallels of latitude are parallel 
thereto. 

8, For the Oblique iSpftere. Elevate the north or south 
pole, according as the latitude is north or south, so many de- 
grees above the horizon as are equal to the latitude ; and, 
if the globe be placed north and south by a compass (8), 
it will have exactly the same position, with respect to the 
heavens, as our earth has in that latitude ; the axis of the 
globe will be parallel to the axis of the earth, and the 
north pole of the globe will point to the north polar star 
in the neavens. On the equator, the north polar star ap- 
pears in the horizon ; in 10" of north latitude it will be 
10° above the horizon ; in 20° of north latitude it will be 
30° above the horizon ; and so on, always increasing in 
altitude as the latitude increases. The plane of the wooden 
horizon will be parallel to the plane of the rational horizon 
of that latitude. 

• The meridian altitude of the sun may be found for any 
day by counting the number of degrees from the parallel 
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ia which the bod is on that day to the horizon, upon the 
brass meridian. Every inhabitant of the earth has an 
oblique sphere, except tnose who live upon the equator, or 
exactly at the poles, because the horizon cuts the equator 
obliquely, and has the days and nights of unequal lengths, 
the parallels of latitude, being divided into unequal parts 
by the rational horizon. 

PROBLEM XXI. 

Any day being given, to find all those places of the earth 
where the sun* is vertical, or in the zenith, on thai day. 



Find the sun's declination (by Prob. XVIII.) for the 
given day ; turn the globe round on its axis Irora west to 
east, and all the places on the globe, which pass under 
the degree of the sun's declination on the brass meridian 
will have the sun vertical on that da^. 

Or, by the Analemma. Find the given day on the ana- 
lemma, and bring it to the brass meridian ; the degree 
above it is the sun's declination ; with which proceed as 
above. 

EXAMPLES. 

1. Find all those places of the earth where the sun ia verti- 
calon the 17th of May. 

Ana. Mexico, the north part of St. Domingo, 0-wby-hee 
Island, Bombay Island, Sea. 

2. What inhabitaots of the earth hare the sun vertical on the 
26th of October? 



• If it be reqnjrod to find those places -where the moon will be vertical 
oD iny given day, find the moon'a decUnatico for the gnea day, in th« 
Nautical Almanae, and ofaaerre it on the brass meridian ; all piaces pawrnig 
trnder that decree of declination, *0 have the mooa vertjcal, or aevAj »a, 
on tlM given dmj. 
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8. What inhftUtanta of the earth hftre no ihidow tt nooB, 
on the 2Tth of April? 

4. What inhalNtantB of the earth have the anu vertioal ob 
the following dara ? 

June 21 Miirch SO August 81 Jannaiy 7 

eeptember 23 Uay 11 October 11 Febniary IB 

December 21 July 29 November 23 April 80. 

fi. Find thoee places of the earth where the moon was ver- 
tical, or nearly ao, on the Bth <rf Hay, 1848, her declinatioD 
then bemg 16° 88' N. 

PROBLEM XXII. 

TTu month and day of the month being given, and the 
hoar of the day at any place, to find where the tun it 
vertical at that inttaiU. 



Find the sun's declination, (by Prob. XVIII.), bring 
the place at which the hour is given to the brass meridian, 
and set the index of the hour circle to 12 ; then if the 
^ven time be before noon, turn the globe westward, till 
the index has passed over as many hours as it wants of 
noon ; but, if tne given time be past noon, turn the globe 
eastward, till the index had passed over aa many hoiys as 
it b past noon ; in each case, the place exactly under the 
degree of the sun's declination on the brass meridian, will 
be that required. 



1. When it is 40 minutes past one o'clock in the afternoon at 
Philadelphia, on the 1 Tth of May, where is the sun vertical t 

An». The given time is one hour 40 minutes past noon ; 
brace, the globe must be turned towards the east, till the index 
has passed over one hour 40 minutes ; then, under die Bun's 
decimation, you will find Mexico, the place required. 

2. When it is 48 minutes past 6 o'clock in the moming at 
Pari*, on the 25th of April, where is the sun vertjeal ? 
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Jat». 1%e ^ren time U 5 hours 1 2 minutes before noon ; 
therefore, Ihe globe must be turned towards the west, till the 
iudeihas passed over£ hours 12 minutes; then, under the sun's 
declination, you will find Madras, the pluce required. 

3. When it is 45 minutes past 4 o'clock ia tlie afternoon at 
Dublin, on the 24tii of October, where is the sun vertical ? 

4. When it ia 8 minutea past 4 o'qlock in the afternoon at 
London, on the 15th of April, where is the Bun vertical? 

5. When it b midnight at Washington on the 26th of March, 
where ia the sun vertjcal ? 

6. When it ia noon at Baltimore on the lUh of May, where 
ia the sun vertical ? 

7. When it is 60 minutes past 2 o'clock in the afternoon st 
London, on the 2d of January, where is the sua vertical? 

8. When it ia Id minutea paat 5 o'clock in the morning, at 
Rome, on the 2lBt of June, what inhabitaats of the earth lure 
noon, but DO shadow ? 

9. When it is i'l minutes past '1 o'clock, in the moroing, at 
Washington, on the I3lh of October, where is the sun vertical ? 

10. When it is 2 o'clock in the morning at Waahingttm, on 
the 26th of May, where is the aun vertical ? 



PROBLEM XXin. 

The month, day, and hour of the day at any place being 
given, to find all thoseplaces^f the earth where the sun 
is rising, those places where he is setting, those places 
that have morning twilight, and those places that have 
evening twilight. 



Find the sun's declination (by Prob. XVIII.) and ele- 
vate the Dorth or south pole, according as the declination 
is north or south, so many degrees above the horizon, as 
are equal to the sun's declination ; bring the given place 
to the brass meridian, and set the index of the hour cir-' 
cle to 12; then, turn the globe eastward or westward, 
according as the ^ven time is past or before noon, till the 
index has passed over as many hours as it is past or be- 
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fore nocHi ; screw the quadrant of altitude <m the brass 
meridian over the dfu^ree of the sun's declination, and let 
it pass between the ^obe and the horizon ; keep the globe 
in this position ; then, all places along the western edee 
of the horizon will have the sun rising; those along the 
eastern edge will have the sun setting ; a|l places below 
the western edge of the honzon, within 18°, shown by the 
quadrant of altitude, will have morning twilight ; and, alt 
places below the eastern edge of the horizon, within 18°, 
shown by the quadrant, wilThave evening twilight. 

KZAMPUB. 

1. When it is 30 minutes past 10 o'clock in the morning at 
Uadrid, on the ITtliof May, find those places that have the smL 
rising, those that have the sdd setting, those that have morning 
tiriligh^ and those that have evening twilight. 

An*. The son is rinng at Leiington in Kentnck;^, Fort Royal 
in Jamaica, Carthagena in Terra Finna, Jcc. Setting at Bata- 
via in Java, the eastern parts of China, Ac. MonUDg twihght 
at the western parts of South America, Louisiana, &c. And 
evening twilight at Japan, Luzon, Borneo, &c. 

2. When it is 20 minutes past 8 o'clock in the morning at 
New- York, on the 28th of December, where is the sun rising, 
setting, (be. ? 

3. When it is midnight on the 11th of January at Washing- 
ton, where is the sun ni^ng, %c. ? 

4. When it is noon at Baltimore on the 2Sth of April, where 
is the sun rising, &e. ? 

fi. When it is 8 o'clock in the afternoon at Kaples, on the 
21at of June, where is the sun tiaing, &c. ? 

6. When it is 15 minutes past 4 o'clock in the afternoon at 
Petersburg, on the ITth of November, where is the sun rising, 
Ac? 

7. When it is 11 o'clock in the rooming at London, on the 
28d of September, where is the sun rising, &a. 2 

8. When it is noon at Washington oa Uie 12th of November, 
where is the sun rising, Ac. ? 

d. When it is midnight at Paris on the 21st sf June, wheia 
is the sun rising, Ac 
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PROBLEM XXIV. 



The month and day of the month being given, to find alt 
those places of the earth where the sun does not set, and 
those places where he does not rise on the given day. 



Fitid the sun's declination, (by Prob. XVIII.) elevate 
the north or south pole, according as the declination is 
north or south, so many degrees above the horizon as are 
equal to the sun's declination ; turn the globe on its axis 
from west to .east ; then, to those places which do not de- 
scend below the horizon, near the elevated pole, the sun 
does not set on the given day ;• and to those places near 
the depressed pole, which do not ascend above the hori- 
zon, the sun does not rise on the given day. 



1. Find alt those places of the earth where t^e Bun does 
not set, and those where he does not rise, on the Tth of Jime. 

Ans. The sun's dectination on the given day is 22|° North. 
Elevate the north pole 22^° above the horizon, turn the globe 
round, aad all places within 22}° of the north pole, will not de- 
scend below tiie horizon ; therefore, the inhabitants of those 
places will have constant day, or to them the sun does not set 
(being constantly above their horizon) for several revolulioQB of 
the earth on its axis. And, because the north pole is elevated 
22}° above the horizon, the south pole is neceaaarily depressed 
82}° below the horizon ; consequently, to the inhabitants of 
those places within 22}° of the south pole (if there be any such 



* Wban tin pole ii elevated to the nin'a decliiutirai, (he horizon «how» 
tba bonndaiy of light and dsrkDeas; eomeqneDtl^r, ^ ^^*' t^*^ whidi 
does not dcserad below the horizon, dnring one TBTolntioo of the ettrthoD 
it* axis, the nm does not cet; and the inhatHtantz will have their ihadowt 
dimted to eveiy pmnt of the otanpus in the oourte of M boon. 
10* 
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mhklntantB) the mm will Dot rise for sereral reroluticnu ot the 
earth on its axis. 

2. Find all thoae places where the iabalntants hare constant 
day on the 20th ot iuij, and those places to which iite sim 
do«8 not nse. 

3. Does the sun shine over the north pole on the 20th of 
Uaj ? And to what inhabitanta ia he constantly riuble fw 
sereral revolntiona of the earth on its azia t 

4. What inhalutanta ot the etuih hare thor shadows directed 
to ereiy point of the compass, duiing a rerotutkm of the earth 
on its axis, on the 13th of June? 

6. How far does the sun shine over the sonth- pole aa the 4Ul 
of Jannarr ? And what [daces are in perpetnal darkness ? 

e. Is the son viable at the North Cape on the 21st of No- 
Tember? 

1. How far does the aim shine over the ninth pole on the 
18th ctf April? 

8. Is the sun risible in 1&° sonth latitude on the 20th of 
Hay? 

PROBLEM XXV. 

liny dap between tke 20M of March and 2lst of June, or 
between the 23d of September and the Zl»t of December 
being given, to find those placet at which the tunbegins 
to shine constantly toithottt setting, and those places 
at which he begins to be totaUy absent. 



Find the sun's declination by (Prob. XVIII.) coantoa 
the brass meridian from the north or south pole, accord- 
ing as the declination is north or south, as many de- 
grees as ar^ equal to the son's dechnation, and observe 
tne degree where the reckoning ends ; turn the globe 
round on its asis, and all places passing under that de- 
eree, are those at which the sun b^ns to shine constant- 
Aj without setting at that time ; and all places that pass 
under the same number of degrees from the opposite 
pole, are those at which the sun h^ns to be totally 
absent. 
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1. At what places does the sun be^n to shine coaatantly 
vithout setting, during several revolutions of the earth on its 
axia, on the 18Ch of May ; and at what places does he begin 
to be totally absent on Uie same day ? 

Ant. The sna's declination is 19^° K. hence, at all places 
m latitude TOJ" N. the sun bt^ns to shine eonstanlly wilhoi^ 
setting, namely, at Waygate Hland, in Davis' Straits, at Fish- 
er's iSand, (be, and in Jatitude 70^'^ 8. he begins to be totally 

2. In what latitude does the sun begin to shine constantly 
without setting on the Tth of November, and at what place* 
does he begin to be totally absent ? 

3. In what latitude does the sun b^n to shine without set- 
ting on the 2Tth of April, and in what latitude is he beginning 
to be totally absent ? 

4. At what place is the sun be^ning to be totally absent 
on the 14th of Kovember? 

6. Where does constant day commence on the 16th of 
April, and in what latitude does constant twilight or darken 
begin? 

6. At what place does the sun begin to shine without settii!^ 
on the 3d of June ? 



PROBLEM XXVI. 

Any place in the torrid zone being given, to find on 
u>kat two days of the year the lun will he vertical at 
that place. 



f^nd the latitude c^ the given place, (by Prob. I.) turn 
the globe on its axis, and observe what two points of the 
ecliptic pass under that degree of latitude on the brass 
meridian, find those points of the ecliptic in the circle of 
signs, on the horizon, and exactly ag;aiiist them, in the 
circle of months, stand the days re<]uired. 

Or, by the Analemma. Find the latitude of thi fpven 
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place, and bring the analemma to the brau meridian, 
upon which, exactly under the latitude, will be found the 
two days required. 



I. On what two dajs ot the year will the Bun be Tertieal at 
Uexica? 

Ant. On the ITth of May, and on the 36th of July. 

S. On what two days of the year nill the sun be vertical at 
Lima? 

S. On what two days of the year wUI the sun be vertical at 
Madras? 

4, On what two days of the year will the Bon be vertical at 
the following places? 

Cambodia St. Helena Caraccas Carthagena 

Bombay I. St. Matthew's I. Owyhee Kngston 

Batavia Gondar Quito Domingo. 



PROBLEM XXVII. 

To jind the time of the sun's rising and setting, and the 
length of the day* and night at any place. 



Find the sun's declination (by Prob. XVIII.) and ele- 
vate the north or south pole, according as the declina- 



' The laogth or th^ IcngBat n- Bbcvteat day at any place not io Um 
frigid Eooea, may be fonnd : for the loogeBt dsj in north latitude ia on the 
Slat of June, and the ahortest on the 21(it of December: and ths longeat 
day in south lutitude ia oo the Slat of December, and the abortest on tha 
Slat of June. 

f From the following observations, the reason of these nilai U obviooa. 

1. When the pole ie elevated for the aun'a declination, the mn ia anp- 
poaed to be fixed, and the earth to move on its axis from west to eart: 
the hiHiion ehoVB the boundary of light and darkneBs. Turn the g^obe 
OD ita axis till any place cornea to the braaa meridian, then at that plaea 
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tion is north i»- south, as many degrees above the hmi- 
zon as are equal to the sun's declination ; bring the given 
place to the brass meridian, and set the index of the hour 



it will be Dom ; ccntinoe ihe muLiii.i nf the glab« till the lame ;daee 
comaa to the eastem edge of the horiz-ni, 'inn at thst place the sun will 
be utting ; hence, the number of houra puiseJ over by the index, from 
the time that that place irae at the bra» mmidiai), till it oams to the 
•aatem edge of the hcaizon, is the number of boon elapsed from Doon at 
that place, tiU aonset at Uk same place, that is the lime of the eun'a set- 
ting ; if the same place be brought to die westeni edge of the horizon, 
then at that pUce the sua will be ri^ng ; and in turning' the globe round, 
the index will have passed orer as many hours, when that place ctMnes to 
the braaa meridian, as it will pass over from the time that the same place 
leaves the brass meridian, till it comes to Uie eastern etlge of theboriioni 
because the- arcs of the parallels of latitude aboTe tbe baraaa, are bisect- 
ed by Ihe brass meridian ; hence, tbe sua rises the same number of hours 
befive noon that he seta after noon ; consequentlj. the time of the son^ 
setting deducted from 12, gire* the time of his rising ; and double the 
time of the sun's setting gives tbe length of the day. And, since l^e sun 
•eta the same number of hours after noon that he rises before noon, lie 
must neceasarily set the same number of hours before midnight, that he 
rises after midnight ; so that double the time of the sun's risiog gives the 
lODglh of the night 

8. When the pole is elevated for the latitude of the place, the earth is 
•opposed to be fixed and the mm to more ronnd it Ihim east to west 
Bring anj place ta the Ihsss meridian, and elevate the pole for its lati- 
tude, then the wooden hMiEon is the true ratiooal horizoa of that place. 
How, if we suppose tbe sunlonwve from east to west aloi^ that pentUel 
of latitude whi^ passes through his place in the ecliptic, be will be rising 
at that place which we brought to the brass meridian, when he enters the 
eaitem edge of the bcHiaon ; it will be noon when he arrives at the brasa 
meridian ; and be will be letting when he enters the western edge of the 
bMitaa. And, because the \trttM meridian and horixon remain fixed, this 
supposed motion of the sun can be shown by bringing the sun's place in 
tbe ecliptic on the globe, to the eastern edge of tbe horizon, and turning 
&• globe on its axis towards the west, till hia place comes to the biaM 
nxTidian, and to the wntem edge of the horizoo ; thereibre, if the sud*! 
place in the ediptio tor any day be brought to the brass meridiBD, the 
nnmb«' of hours passed over by the index, in turning the globe naudliU 
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oircte lo 12 ; turn the dobe eastward till the given place 
oomes lo the eastern edge o( the horizon, and the Dumber 
of hours passed over by the index, will be the time of the 
Bun'a gettins ; deduct these hours from 13, and the re- 
mainder wiU be the time of the sun's rising. Double the 
time of the sun's setting gives the length of the day, and 
doable the time of his rising gives the length of the 
night 

Or, find the latitude of the given place, and elevate 
the north or south pole, according as the latitude is north 
or south, so many degrees above the horizon as are equal 
to the latitude i fina the sun's place in the ecliptic (by 
Frob. XVIII.) bring it to the brass meridian, and set the 
index of the hour circle to 12 ; turn the globe westward 
till the sun's place comes to the western edge of the hori- 
zon, and the number of hours passed over bj' the index 
will be the time of the sun's setting; with which proceed 
as above. 

Or, by the Anakmma. Elevate the pole for the lati- 
tude of the given place, bring the day of the month on 
the analemma to the brass meridian, and set the index 
of the hour circle to 12 ; turn the globe westward till the 
day of the month on the analemma comes to the western 
edge of the horizon, and the number of hours passed 
over by the index, will be the time of the sun's setting, &c. 

Note. — Of the following four things, namely, the time . 



tbe iini'« phoe comes to ttw vestern edge of the borizon, will be the time 
of the bqd'b aattiiig od lh»t day »t that place for which the globe ia recU- 
Oad. 

S. When the pole u elerated fin- the ktttuJe of the place, and the dar 
of the moDth od the analemma bcou^t to the brass meridian, the index 
wQl p«sa oTer aa maaf hours, ia turning the globe roond. tilt the daj of 
the month on the analemina oomea to the westeni edgs of the hixizon, u 
it Till pass OTer from the time that the sun's place in the ecliptic fw that 
da; leaves the htaia meridiaD, till it comes to the western edge of the 
boriion ; becaoea the day of the month od Ibe analemma, and the sun's 
pkc« in the eeUptio ibr Ibst day, are *t the same distance &«iu the a^no- 
ter, and oonsaqiuntly on the saoie paialUl of latiUide. 
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of the sun's setting, Uie time of his rising, the length of 
the day, and the length of the night ; any one being given, 
the others may be easily obtained without the globe. 

EXAMPLES. 

1. At what dme does the sun rise and set at Philadelphia, 
on the 2Gtb of May, and what is the length of the day and 
night? 

Ant. The son sets at a qnarter past 7, and rises three-qoar* 
tets past 4 ; the length of the day is 14^ hotus, and the l^igtb 
of the night 9i hours. 

2. At what time does the sun rise and set at Washington, 
on the 17th of August, and what is the length of the day and 
night ? 

3. What is the length of the longest day and shortest night 
at New-York? 

4. What is the length of the longest night and shortest day 
at New- York? 

6. How much longer is the Slst of June at Dublin than at 
Baltimore ? 

6. How much longer is the 2lBt d December at Baltimore 
than at Dnbhn ? 

T. At what time does the snn rise and set at London, on the 
27th of January, and what is the length of the day and night ? 

'6. When the sun sets at 46 minutes past "3 at any place, 
what is the length of the night there ? 

0. When the sun rises at a quarter past 4 at any place, 
what b the length <^ the day there ? 

10. At' what ^me does the sun rise and set at the K<»th 
Cape, on the 11th of April? 

11. Required the length of the longest day and shortest 
night at the following places : 

Quebec Charleston Liverpocd Moscow 

Boston Quito Belfast Vienna 

Philadelphia Qlssgow Lisbon Naples. 

12. Reqiured the length of the shortest dsy and longest 
night at the following places t 

London Petersburg Algiers Beigen 

Paris Owhyhee cJcutU Falkland Islands 

Guro Otaheite Mecca Dublin. 
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PROBLEM XXVTir. 



The month and the day of the month being given, at any 
place not in the frigid zones, to find what other day 
of the year is of the sarite length. 



Bring the sun's place in the ecliptic for the given day 
(found by Prob. XvIII.) to the brass meridian and ol> 
serve the degree above it ; turn the globe round on its 
axis till some other point of the ecliptic comes under the 
same degreeY)f the brass meridian ; find this point of the 
ecliptic on the horizon, and directly against it you will 
find the day of the month required. 
. Or, any two days of the year, which are the same 
number of days from the longest or shortest day, are of 
equal length ; therefore, whatever number of days the 
given day is before the longest or shortest day, just so 
many days will the required day be after the longest or 
shortest day, and the contr^y. 

Or, by the Ajialemma. Find the given day of the 
month on the analemma, and directly opposite to it yAi 
will find the required day of the month. 



1. What day ot Uie year is of the same length as the Sth 
of May ? 

Ans. The Tth of August 

2. What day of the year ia of the same leo^h as the 2Sd 
of October? 

3. What day of the year is of the same length as the 7th 
of February? 



» DUJ b* Gwiid for anj pUoe in the frigid >oaw. proTided 
and Mti at Hut plaoa od the giTwi day. 
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4. What dej of the jear is of the same length m the IBth 
(J August? 

a. If the sun set at 12 minntes paat 7 o'clock at Washing- 
ton, on the 2Stb of May, on what other day of the year will 
he set at the same hour ? 

6. If the sun rise at 4B minutes past 6 o'clock at Philadel- 
phia, on the 30th of October, on what other day of the year 
will he rise at the same hour. 

7. If the sun's meridian altitude at Londtm, on the 31st of 
January, be 20° 58', on what other day of the year wUl his 
meridian altitude be the same ? 

8. If Uie sun's meridian altitude at Lima, on the SSth of 
October, be 90°, on what other day of the year will his meri- 
dian altitude be the same ? 



PROBLEM XXIX. 

To find the length of the longest day at any place in the 
north* JHgid zone. 



Find the complement of the latitude of the given jJace, 
by subtracting its latitude from 90°; count as many de- 
gree? on the brass meridian from the equator towards the 
north pole, as are equal to the complement of the lati- 
tude, and mark where the reckoning ends ; turn the globe 
on its axis, and observe what two points of the ecliptic 
pass under the above maik, find those two points of the 
ecliptic in the circle of signs on the horizon, and exactly 
opposite to them, in the circle of months, you will find 
the days on which the longest day begins and ends. The 
day preceding the 21st of June, is, that on which the 
longest day begins, and the day following the 31st of 
June, is that on which it ends ; the number of days be- 



* Tlie same maj be found for the Bouth iiigid xooe ; but, bidm thai iodb 
JM ucdnhBiMtnd, we diaU oooBne oar pnctJM eatiid; to Uie north fripd 
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tween tfacM days will show the length at the ItHigest day 
at the eiTen place. 

Or, bt/ the Analemma. Count as many degrees on the 
brass meridian fix>m the equator towards the north pole, 
as are equal to the complement of the latitude of the 
nven place, and mark where the reckoning ends ; bring 
tne analemma to the brass meridian, and the two days 
which stand under the above mark, will show the begin- 
ning and end of the longest day. 

BXAHFLES. 

1. What u the length of the longest day at the North Gape, 
in latitude 7l''30'N.? 

Ant. The complement of the latitude is 18° 30' ; the long- 
est day will be found to b^n on the 14th of May, and eml 
the 30tli of July ; therefore, the length of the loDgest day is 
77 days, or, the sun does not set during 77 revolutions of the 
earth on its axis. 

2. What is the length of the longest day at Disco Island, in 
Baffin's Bay, in latitude 70° north ? 

3. What is the length of the longest day at the northern 
extremity of Nova Zembla ? 

4. What is the length of the longest iay at tiie north pole, 
and on irhat days does it begin and end ? 

fi. What ia the length of the longest day at Uelville Island, 
in latitude 76° north ? 

PROBLEM XXX. 

To find the length of the longest night at any place in the 
north* frigid zone. 



Count as many aegrees on the brass meridian from the 
equator towards the south pole, as are equal to the com- 
[demeDt of the latitude of the given place, and mark 

* Wb mBj ipply this pfoUain to anj plaoe in the mdIIi [rigid Moa, 
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where the reckoning ends ; turn the etobe oft its azi% 
and observe what two points of the ecliptic pass under 
the above mark ; find those points of the echptic in the 
circle of u«is on the horizon, and opposite to them in 
the circle w months you will find the days on which the 
longest night begins and ends. The day preceding the 
21st of December, is that on which the longest night be- 
gins, and the day ftJlowing the 21st of December, is that 
on which it ends, the numoer of days between Uiese days 
will show the length of the longest night at the given 
pUoe. 

Or, by the Analemma. Count as many degrees on the 
brass meridian from the equator towards the south wAe, 
as are equal to the complement of the latitude oi the 

S'ven place, and mark where the reckoning ends ; bring 
e analemma to the brass meridian and the two'days 
which stand under the above mark, will show the begio< 
ning and the ettd of the longest night. 



1. What is the length of the longest night at the North 
Gape, m latitude 71" SO' north t 

jint. The complement of the latitude is 1S° 30', the longest 
lught begins on the 25tb of Kovember, and ends on the 27tli 
of January, making it equal in length to 73 days or revolutions 
of the eaiih on its axis. 

2. What is the length of the longest night at Nova Zembla, 
in latitude 74° north? 

3. On irbat day of the year does the sun set without mng 
for several revolutions of the earth on its axis, at Disco lalantT, 
latitode 70° north ? 

4. What is the length of the longest night at the north pole, 
and on what days does it befpa and end ? 

6. What is the length of the longest n^ht at UelviQe Idand, 
in latitude 76° north ? 
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PROBLEM XXXI. 



The length of the day being given at any place, to find 
the tun s declination, and the day of tne month. 



Bring the given place to the brass meridian, and set 
the index of the hour circle to 12 ; turn the globe east< 
ward OQ its axis till the index has passed over as many 
bours-as are equal to the half length of the day; keep 
the globe from revolving on its axis, and elevate or de- 
[M-ess one of the poles, tu) the given place exactly coiu- 
cides with the eastern edge of the horizon ; Uie distance 
of Uie elevated pole above the horizon will be the sun's 
declinatioa north or south, according as the north or 
south pole is elevated ; find the degree of the sun's decli- 
nation, thus found, on the brass meridian; turn the globe 
on its axis, and observe what two points of the ecliptic 
pass under that degree : find those points in the circle of 
signs on the horizon, and exactly opposite to them in the 
circle of months, stand the days of the months required. 

Or, elevate the pole for the latitude of the place, bring 
any meridian on the globe to coincide with the brass 
meridian, and set the index to 12 ; turn the globe east- 
ward* till the index has passed over as many hours as 
are equal to the half lengui of the day and observe the 
point where the meridian, which you brought to the brass 
meridian, is cut by the eastern edge of the horizon ; bring 
this point to the brass meridian, and the degree above it 
will be the sun's declination, with which proceed as above. 

Or, by the Analemma. Elevate the pole for the lati- 
tude of the place, brine the middle of the analemma to 
the brass meridian, ana set the index of the hour circle 



* Tlia globe may be turned eutmrd or westw vd ; but it will be more 
J) turo it.eaitwud, becanw the laui meridian is graduaied 
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to 12 ; turn the globe eastward till the index has passed 
over as many hours as are equal to the half length of the 
day ; observe what point on the line, passing through the 
middle of the analemma, is cut by the eastern edge of 
the horizon, and exactly against this point, on either side - 
of the analemma, will be found the day of the month re- 

auired ; bring the analemma to the brass meridian, and 
le degree above this day will be the sun's declination. 



EXAMPLES. 



Philadelphia, and n 

Ans. The 7th of May and the 5th of August ; the sun's 
deolioadon is 17° north. 

2. What two days of the year are each 16 hours long at 
London, and what is the sun's declination ? 

8. On what two days of the year does the sun rise at half 
past five o'clock at Washington ? 

4. What day of the year at New York is 16^ houra longf 

5. What day of the year at the North Cape b one hour 
long ? 

6. What night of the year at the North Cape is one honr 
long? 

7. On what two days of the year does the son rise at four 
o'clock at Edinburg ? 

8. On what two days of the year at Petersburg, is the time 
of the ann's rising double that of his setting ; and on what two 
days is the time o( his setting double that of hia rising ? 



PROBLEM XXXII. 



Tke month and day of the month being given, to find 
those places at vhich the day is a certain length. 



Find the sun's place in the ecliptic, bring it to the 
brass meridian, and set the index of the hour circle to 
IS ; turn the gjobe westward on ita axis till the index 
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hki passed over as many boon as are equal to the half 
leDgtb of the day ; keep the globe from reTolTiog on its 
axis, and elevate or depress one of the poles till the sun's 
dace in the ecliptic comes to the western edge of the 
bofizoD ; then the elevation of the pole above the horizon 
will be the latitude north or south, according as the north 
or south pde is elevated, turn the globe on its axis, and 
all places passing under that latitude, will be those re- 
quired. 

Or, by the Antdemma. Bring the day of the month 
on the analemma to the brass meridian, and proceed as 
above. 

NoTB. — By the above rule all those places not in die 
frigid zones may be found, at which the longest day ia a 
certain length, by bringing the beginning of Cancer or 
Capricorn to the brass meridian, according pa the long- 
est day is on the 21st of June, or on the 21st of Decem- 
ber, and proceeding as above. 



EXAMPLES. 



1. Find those places at which the 26th of May is J4^ hoars 
long? 

" Aa». Pbiladelphift, Pekin, Ac, 

2. Find those placM at which the 20th of November is 14 
bonn long. 

8. At what place does the bqh set at 25 minutes past seven 
o'clock, on the 11th of August? 

4. At what place is the 2lBt of June 19 hours long ? 

5. At what place is the 2lBt of December 8^ hours long? 

6. At what place is Uie 21st of Juue 6( hours long? 

7. At what place is the 2l3t of December 17^ boura long? 
' 8. In what latitude does the sun set at ten o'clock on the 8d 
of May? 

9. Tbere is a town in Norway, where the longest day is five 
times the lenglh of the shortest night, what ia its name ! 

10. In what latitude south, is the longest day 17 houn ? 
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PROBLEM XXXIIL 



To find in what latitude in the north* frigid zone, the 
longest day it a certain length. 



Count as many days on the horizon from the 21st of 
June, eastward or westward, as are equal to the half 
length of the day, and opposite to the last day, observe 
the sign and degree in the circle of signs ; find the same 
sign and degree in the ecliptic on the globe, which bring 
to the brass meridian, and observe the degree above it ; 
subtract the same number of degrees from 90°, and the 
remainder will be the latitude required. 

Or, by the Analemma. Count as many days on the 
analemma, from the Slat of June, as are equal to the half 
length of the day ; bring the last day to the brass meri- 
dian, and the degre£ above it deducted from 90°, will give 
the latitude. 



" 'Dw saine mle vilt mwww tat dte Matk (rigid Moe, orAj oonnt from 
the aiit of December. 

f IUb pnMen is the TererM of the SSth, and the reuon of the rule ii 
t*«&j understood ; bocwue the longest dmj at mj place b the north tr'i^ 
EODC, begina as many dajs before the 2\tt of June, aa it ends after the 
ilit of June ; tfaerelbre, the half leegth of the longest day counted back- 
warda from the ilst of June, wiEI show ibe b^maing of the longeat day, 
M- th« day on vhicfa the son begins to shine constantly without setling- in 
the reqnired Is^tude ; now the sun's decimation b^ng found tot this <Uy ; 
and Bubtraoted frraq 00°, iriU give tin latitoda ; becaose vhea the soi^ 
daelinatian is north, he b^ns to shine constantly in that parallel <rf lati- 
tode, which is as naanj degrees from the north pole, as are equal to the 
declination. Tits half length of the longest day may be counted from tha 
tist (rfjnne forwards; for the aui^s declinatioo is the same as many daja 
tfixt the 2Ia( of June, as it la the same nnmber of days before tlw Slat 
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1. Id what degree of north latitude, and at what pUe«, it 
the length of the longest day 1 1 days ? 

Ant. At the North Cape, in latitude 71^° north. 

2. At what pUce in the north frigid lone, does the sun shine 
constantly without setting, during 63 revolutions of the earth 
on its axis? 

8. In what degree of north latitude is the longest day 120 
days in length ? 

NoTB. — If it be requn^ to find in what la^tude in the north 
frigid xone the longest night is a ceri^n length, count as many 
days on the horizon from 2l8t of December,* eastward or west- 
ward, as are equal to the half length of the night, and proceed 
as in the alxive rule. 

4. In what latitude, and at what place in the north frigid 
cone, a the length of the longest night 73 days? 

C. In what degree of north latitude is the length of the long- 
est night 96 days ? 

6. In what degree of north latitude n the sun totally aheent 
during 112 revolutions of t^e earth on its axis ? 

PROBLEM XXXIV. 

To find the number of days on wkick the sun rises and sets 
every year, at any place in the north\ frigid zone. 



Find the length of the longest day (by Prob. XXIX.) 

* Hm loi^at aight at snj pUee in the north frigid icne, begins sa 
fliBoj daja before the Hit of December, ■■.it ends after the Slit of De- 
cember ; tlierebre the half length of the longeat night onnilad backwards 
drum the Slat oT December, will abow the day oa which the Imgest night 
begiiu, or the day on whkh the son b^ns tc be tctall; absent in the ra- 
quired hrtitnde ; find the ran'* dedina^oo for thii daj and rabtract it 
from Vfi, the ramsioder will be the latitude ; became when the ion's d*> 
dinatioo ie Mmth, be begins to be totally absent in that parallel of lati- 
tnde, which ii ■■ many degrees from the north pole, as are equal to the 



1 1U« frobkn ii sqwdfy appUsaUe to a place in the MHth Sogid MM. 
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at the given place, and the length of the longest night 
(by ProD. XXX.) ; add these together and subtract their 
Bum from 365 days, the length oTthe year, the remainder 
will show the number of daya which the sun rises and 
sets every year at that place. 

Or, by toe Analemma. Count as many degrees upon 
the brass meridian on both sides of the equator as are 
equal to the complement of the latitude of the ^ven place, 
and observe the degrees where the reckoning ends ; bring 
the analemma to the brass meridian, and observe what 
two days on the right hand side of the analemma stand 
under the observed degrees on the brass meridian ; the 
time between these days (reckoning towards the north 
pole,) will be the number of days on which the sun rises 
and sets-between the end of the longest night, and the 
beginning'of the longest day ; and the time oetween the 
two days on the lell hand side of the analemma, which 
stand under the same degrees on the brass meridian, 
(reckoning towards the south pole,) will be the number 
of days on which the sun rises and sets, between the end 
of the longest day and the banning of the lonsest nig^t ; 
add these numbers t(^ther, and the sum will show the 
number of days on " 

year at that place. 



EXAMPLES. 



the North Gape, in latitude 71b 80' north ? .,™^„ 

Ant. The length of the longest dav found by Prob. Xy|X. 
is, 11 days ; aad the length of the longest night, found by 
Prob. XXI. is 73 days; hence, 365 — (77 + 73) = 215, the 
number of days on which the sun rises and sets. 

Or, by the Atudemma, you will find the longest night to end 
on the 27A of January, and the longest day to b^in on the 
14th of Hay ; the time between these days is 107 days, on 
which the sun rises and sets ; and the longest day will be found 
to end on the 30th of July, aad the longest night to be^ mi 
the'lStb of November ; the time between those days is 108 
imp, on vUch the ran rises and sets ; oooseqaently, the whole 
11 
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time of the rail's rjang nod setting ia the year ia 216 days aa 
■bore. 

2. Hon many dnya in the year does the sun rise and set at 
Disco Island, in Bsffio's Bay, latitude 70° north ? 

3. How many days in the year does the sun rise and set at 
the northern extremity of Nova Zembia? 

4. Hon many days in the year doea the sun rise and set at 
Greenland, in latitude 75° north ? 

5. How many days in the year does the snn rise and aet at 
the sontiiem extremity of Melrilte Island ? 



PROBLEM XXXV. 

7^ month and day of the month being given at any place, 
to find wfiat day following is an hour longer, or shorter 
than the given day. 



Find the sun's declination for the given day^, and ele- 
vate the pole for that declination ; bring the given place 
to the eastern edge of the horizon, and set the index of 
the hour circle to 12 ; turn the globe eastward on its 
axis, if the days be increasing in length, but westward if 
decreasing in length, till the index has passed oyer half 
an hour, and raise or depress the pole till the place conies 
again to the horizon ; then, the elevation ot the pole in 
both cases, will show the sun's declination on the requir- 
ed day ; turn the globe on its axis, and observe what de- 
gree in that part of the ecliptic, corresponding to the 
given day, passes under this declination, reckoned on the 
brass meridian towards the elevated pole ; find this degree 
of the ecliptic on the horizon in the circle of signs, and 
opposite to it in the circle of months, you will find the 
day required. 

Or, elevate the pole for the latitude of thb given [dace, 
and mark the sun's declination for the given day on any 
meridian ; bring this mark to the western edge of the 
"bcH-izon, and set the index to 13 ; turn the globe weat- 
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ward or eastward, according as the days are increauna 
or decreasing in length, till the index has passed over half 
an hour, anaobserve what point of the same meridian is 
out by the horizon, briqg that point to the brass men* 
dian and the degree ' above it will show, in either case, 
the sun's declination, when the day is an hour longer or 
shorter than the given day ; hence, the required day is 
easily obtained. 

Or, by the Analemma. Proceed as in the above rule, 
only, use the day of the month on the analemma, instead 
of the sun's declination marked on any meridian. 

Note. — The day following the given day may be found, 
which is any given time longer or shorter than it, provid- 
ed, at the given place, there is this much ditTerence be- 
tween the length of the given day, and the length of 
the longest or shortest day. 

EXAUPLES. 

1. What day following the 8tb of April at Philadelphia ia 
an hour longer ? 

Am. The 3d of May. 

1. What day following the 2d of July is an boor shorter 
than it, at New -York ? 

3. On -what day following the 11th of September, is the bud 
30 minutes later in rising than on that day, at BalUntore ? 

4. On what day following the 11th of September, ia the sun 
80 minutes earlier in ri»ng than on that day, at Buenos Ayres ? 

e. What day following the 14th of July is 2 houre shorter 
than that day, at Edinburgh ? 

6. What day of the year at Peteraburg, following the 24th 
cf December, is 12 hours longer than that day at the same 
pl«c«t 

7. What day following the 2l8t of June, is 3 hours shorter 
than that day, at Washington ? 

6. How much must the bud's declination vary from the 21st 
of December, that the day at Cim^nnati may increase one 
hoar? 
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PROBLEM XXXVI. 

Tafind the beginning, end, and dttration of twilight (51) 
at any place, on any given day. 



Elevate the pole for the sun's declination on the given 
day, screw the quadrant of altitude on the hrass meri- 
dian over the d^ree of the sun's declination, bring the 
given place to the brass meridian, and set the index of 
the hour circle to 12 ; turn the ^obe eastward till the 
^ven [dace conies to the horizon, and the hours passed 
over 07 the index will show tlie beginning <^ evening 
twilight ; continue the motion of the globe eastward, till 
the given place is 18° bdow the horizon, measured 
on tne quadrant of altitude, and the time passed over 
hj the index from the beginning of twili^t, will show 
the duration of evening twilight. The morning twilij^t 
is the same length. 

Or, elevate the pole for the latitude of the given place, 
bring the sun's place in the ecliptic to the brass meridian, 
set the index to 12, and screw the quadrant of altitude 
on the brass meridian over the latitude of the given place ; 
turn the globe westward on its axis, and proceed as in 
the above rule, only, use the sun's place in the ecliptic 
instead of the given place, and you will find the begin- 
niiu and duration of the evening twilight. 

Or, hy the AntJemma. Proceed as in the second rule, 
only, observe to use the given day, found on the analem- 
ma, instead of the sun's place in the ecliptic. 

lXAIfPt.EB. 



1. Required the beginning, end, and doratjon of moming 

J ^!__ ._:ii~k* „. Tii.!i.j„i^u!. „_ .1,3 26tb of Mav. 

ites paat 1, and endi 
ig twilight b«giiis a 
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and evening twilight, at Philadelphia, on the 26tb of May. 

Am. Evening twilight begins at IS minutes paat 1, and ends 
at IB TT*""*— past 9 ; consequently, moniiiig twilight b«giiis at 
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46 DUDntes paat 2, and eoda at 4fi miantCB past 4. The dnn- 
tKHi of twilight is 2 hours, 

2. Required the duration of twilight at London, on the S2d 
of Febniarv. 

3. How long does day break at Washington, before the sun 
rises, on the iBoming of the 80th of April ? 

4. At what Ume does darii night commence at Boston cai 
the evening of June the Slat ? 

5. Required the begiDning, end, and duration of monuDg and 
eveiu^ twilight at Dublin, on the 17th of December, 

6. Beqmred the beginning, end, and duration of morning 
and evening twihght at New-York, on the 5th of October. 

PROBLEM XXXVn. 

To find the beginning, end, and duration of constant day 
or twilight at any place. 



Add 1S° to the latitude of the given place, count u 
many degrees on the brass meridian, from the north or 
south pole, according as the latitude is north or south, as 
are equal to the sum, and observe the degree where the 
reckoning ends ; turn the globe round on its axis, and find 
what two points of the ecliptic* pass under that degree ; 
opposite those points, found on the horizon, are the two 
days which will show the beginning and end of constant 
day or twilight. 

Or, by the Analemma. Proceed as in the above rule, &a 
far as, obaerre the degree where the reckoning ends ; 
then, turn the globe round on its axis, and the two days 
on the analemma, which pass under the observed d^;ree, 
will show the bed^nning and end of coostaDt day w 
twilight. 



" U lbs mm of the Utitode aitd 18° be bM dun M° Si' tbervwiU be 
no coiataiit twili^ kt tb* giToi place, buanae tliii tnn, omntad from 
the north cr Mutti pole, will not raaeh the ediptio. 
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1. When do the inhabitants of Petersburg begin to haTe 
constant day or twilight, and hov long does it continue ? 

Ant. The latitude of Petersbni^ is 60° north, to which add 
18° the sum is 78°, which count on the brass meridian from the 
north pole, or 12° from the equator towards the north pole ; 
then the two points of the ecliptic which pass under I^', are 
2° m U , answering to the 21st of April ; and 29" in SI, an- 
swering to the 21 St of August ; so that the inbabit^ts of 
Petenburg, and all those who live in the same latjtude, have 
constant day or twilight from the 21et of April to the 21st of 
August ; that is, the sun does not descend 18° beloV the hori- 
COn of Petersbui^ during that time. 

2. When do the inhabitants of Archangel begin to have con- 
stant day or twilight ? 

8. When does constant day or twilight begin at the North 
Cape in Lapland, and when does it end ? 

4. Have ever the inhabitants of Philadelphia twilight from 
Bun-set to sun-rise ? 

fi. Required the be^nning of constant day or twilight at 
Spitzbergen. 

6. When does morning twilight begin at the north pole, 
when does evening twilight end, and how long does total dark- 
ness continue ? 

Ant. 18° added to 90°, the sum is 108°, which counted 
from the north pole, on the brass meridian, or 18° counted 
from the equator towards the south pole, will show the degree - 
of the sun s declination, when morning twilight begins, and 
when evening twilight ends ; the days answering to this decli- 
nation lire the 28th of January, the beginning of morning twi- 
light, and the IStb of November, the end of evening twilight; 
hence, the duration of morning twilight is from the 28th of 
January to the 20th of March, when the Bun rises, being SI 
days ; and the duration of evening twilight is from the 23d of 
September, when the sun sets, to the 13th of November, being 
fil daysi and the duration of total darkness is from the 13tb 
of November to the 2ath of January, being 76 days ; during 
this period of the absence of the sun, and the effects of bis rays, 
the dificiency is wonderfully supplied by the Aurora BortalU 
and the moon, which shine with uncommon splendor. 
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PROBLEM XXXVIII. 



To find in what climale (28) any place on the gUbe 
is situated. 



1. If the place be not in the frigid zones, find the 
length of the longest day at that place (by Prob. XXVII.) 
and from it subtract 12 hours ; the whole number of half 
hours in the remainder* increased by one, will show the 
climate. 

2. If the place be in the frigid zone, find the length of 
the longest day at that place (by Prob, XXIX.) and if 
its length be less than 30 days, the place is in the 25th 
climate, or the first within the polar circle ; if its length 
be more than 30 days and less than 60 days, it is in Uie 
26th cUmate ; if more than 60 days and less than 90 
days, it is in the 27th climate, &lc. 



* If there be sa exact nnmber of half hoara in tlie remainder, that 

number will bIiow the climate, at the eai at which, the given place ii 
■ittiated, or at the beginning of the next following climate. 

The general, rule ^veo by writers on the globes for finding in what 
climate an; place, not In the frigid nHies, is utuated, is to deduct IE 
bourn Itoiu the Sen^h of the longest da; at the given place, and the number 
of bs)f bouTB in the remaindN', will Bhow the climate. I.et nt prove the 
eorrectoess of Ibis role b; example. The fourth cliniate north of the 
equator ends Id latitude SO" 18' N, and the fifth in latitude Sfl° SI' N. ; 
DOW, all plarea ntnated between the parallel of 80° 48' N. and the parsl 
lei of Se° SI' If. are fn the fifthdimate north of the equator; tfae latitud 
of Savannah ib 82° 8' N. ; consequently it ia in the fifth clinuil* north of the 
equator, and the longest da; there is 11 hours 9 minutes long, from whidi 
deduct 12 hours, the remunder will be 3 hours 6 minutes, or 1 half hours; 
hence, Savannah is in the (eurth climate ; but it baa been shown above to 
b« in the fifth climate ; iriikb is absurd. 
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1. In what climate ia Philadelphia T 

Ani. The length o^ the longest day at Philadelphia is 14 
iKmn SO minutes, from which oednct 12, the remainder will be 
S hcmn (rO minntM, and the whole namber of half hours in 
this is 5, which increased bf one will be 6 ; hence, Philadelphia 
is in the 6tb climate north of the equator. 

2. In what climate is the North Cape in latitude fl)-" north? 
8. In what climate is Woshmgton, and what other places 

an utuated in the same climate ? 

4. In what cUmate is Quebec,* and what otiier place* are 
atuated in the same climate ? 

5. In what climate is the nortli <rf Spitcbergen ? 

6. In what climate ia Lima ? 



PROBLEM 

To find the breadths of the several climates 



1, For the northern^ climates between the eqtiatorand 
Arctic circle. Elevate the north pole 231° above the 
northern point of the horizon, being the beginning of 
Cancer, to the brass meridian, and set the index of the 
hour circle to 12 ; turn the globe eastward on its axis 
till the index has passed over a Quarter of an hour ; 
mark with a pencil that point of tne meridian passing 
through Libra, which is then cut by the horizon ; con 
tinue the motion of the globe eastward till the indei 



■ It ii to be observed, tlist all planes <itnst«d on the same panllsl of 
latitude, are Id tha same dimste ; but we must not inftr tram 6ua tiaf 
they hsTS tlia tame atmoHphetieal temperature, 

f The cliioates Kwth of Qm equaUH- are of the same breadth aa their 
eomapoDdent climates north at the equator. Or, tiieir breadths naj be 
tcHmd m a siimlar maimer, by elevating the south pole 8Si°, and fario^og 
the begmniug of Oapricom to the hras* meridiai], Ae. 
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haa passed over another quarter of an hour, and make 
anotner mark ; proceed thus, till the meridian passing 
through Libra coincides with the under part of the brass 
merii^an ; bring these marks to the brass meridian, and 
the derate above each mark will show the latitude where 
each climate ends. 

2. For the climaUt within the northp'olar circle. Find 
in what latitudes, in the north irigid zona, the longest day 
is 30, 60, 90 days, &,c. \ona, (by Prob. XXXIII.) each of 
these latitudes will show the latitude, where eacui climate 
within the noi th polar circle ends. 

EXAHPLBB. 

1. What is the breath of the 6tb north nljiiittt^, and vhat 
placea are aituated within it ? 

Ant. The breadth of the 6th climate ia 4° fiS' ; it b^ins in 
latitude 36° 81' N., and ends in latitude 41° 24' N., and all 
places situated within this apace, are in the same climate : we 
shall find them as follows: Philadelphia, Madrid, Naples, 
Pekin, &c. 

2. What ia the breadth of the 26th north clunate, or the 2d 
within the Arctic circle t 

Am. The 26th cUmate begins in that latitude north, ra 
which the length of the longest day is 30 days, and ends in 
that latitude north, in which the length of the longest day w 
60 dajrs ; these latitudes found (by Prob. XXXIII.) will be 67° 
18' S. and 69° 33' N. ; hence, the breadth of the 26th clhnate 
is 2° 15'. 

^ 9. What b the breadth of the 9th south climate, and what 
places are utuated within it ? 

4. Required the b^inning, end, and breadth of the 28th 
cUmate. 

6. What is the breadth of the 4th north climate, and what 
places are situated within it ? 

6. In what latitude does the 2Vth climate begin and end, 
and what places are ntuated within it? 
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TABLES OF THE CLIMATES. 
, Clinuiteg between the Equator and the Polar CtTclea 
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2. Climates beHoeen the Polar Circles and the Poles. 
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The preceding tables may be constructed by the globe, 
as showQ above, but not with that degree of exactness 

S'ven in them ; therefore, recourse must be had to calcu- 
tion.* 

• 1. Comlnielim of lh« jSrtf Tlii^— The latitnde where uj dinute 
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PROBLEM XL. 



To find the siin's meridian altitude (19) on any day 
at any given place. 



Elevate the pole for the latitude of the given place, 
find the sun's place iu the echptic for the given day, and 
bring it to that part of the brass meridian, which is num- 
bered from the equator towards the poles ; then, the num- 
ber of degrees on the brass meridian, reckoning from the 
sun's place (the nearest way) to the horizon, will be the 
altitude. 



ntda betveen the eqiutor and polar circlea, and the auenuofial difference, 
or the time that the sun rises before 6 o'clock in that latitods on the long- 
est day, fbrm the sjd^ of ■ right angled sjdierical triangle ; and the angle 
oppogit« to the latitode, is equal to the ctuuplemeDt of the ann'B greateat 
dedination ; so that onevide ii ^ven, namely, the sun's asceiisianal dJJ&r- 
«nce, and one angle, namely, the complement of the ana's greatest dedir 
nation, to find the side opposite to the known angle. Hence, (by Buna 
Kapler's roles) rad. X nne of the ascenskxutl ditbrence ^ tang, of the 
■un'a greatest dedinatioa X tang, latitude. 

Or, for the end of the Sth climate, where the sun risea 1^ houn before 
6, the ascatsiraial diSerence is 22° SO', it will be, 

As tangent of 23= 28' - - - - t.tSltl 



So ia sin of the aecenuonal di£ S!° Si 
To tangent latitude*!" 24' 



t. Omtlntetiiin of tht ttamd riiU«— Ooont half the length of Oe 
longest day at the tai of any climate within the polar circle, fiom the Slit 
of June forward and backward ; find the sun's dedination answering to 
these two days in a table of the anit'e declination ; add thes* two dadina- 
tkwu ti^ther, and divide the sum l^ S, the quotient is a mean dedii»- 
tioo, whidi take finm 90°, and the rauainder will show tU lathode when 
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Or, if the latitude and sun's declination be of the same 
name, add the sun's declination and the comfJement of 
the latitude together, the sum will be the altitude, if it 
does not exceed 90° ; but, if this sum exceed 90°, take it 
from 180°, and the remainder will be the altitude. If tho 
latitude and sun's declination be of different names, take 
the sun's declination from the complement of the latitude, 
and the remainder will be the altitude. 



1. What u the sud'b nwiidiao altitude at Philadelphia ca 
theSSthof Mav? 
Ant. 71}°. 

3. What is the sun's meridian altitude at lima on the 21st 
of December ? 

S. What is the sun's greatest meridian altitude at New-Or- 

4. What is the sun's greatest meridian altitude at Buenos 

5. What la the Bun's least meridian altitude at London ? 

6. What is the altitude of the sun at the North Pole, (see 
Prob. XX.) on the 30th of April, and what is his greatest alti- 
tude there ? 

Sxampkt to h« teorked hy talailatwn. 

1. What is the son's meridian altitude at Madrid in latitude 
40° 2d' N. on the 14th of August, wheu the sun's declination 
is 14' 26' W. 1 



8* 00' the altitude sought 

8. What is the nm'a meridian altitude at the laland of Bar- 
badoea, in ktitude 18° N. an the 7 th of J'aauai;, when tha 
Bun'a declination is 22° 2S' south ? 
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8. What a the son's meridiaa altitnde at Madras, in latitude 
18° 6' N. on the 15th of May, when the aun'a declination ia 
18'64'N.? 

4. What is the greatest meiidian altitude of the sim at Waah- 
ington, in latitude 38* 58' N, ? 



PROBLEM XLI. 

To find the sun's altitude at any particular hour of 
the day at any place. 



Elevate the pole for the latitude of the ffi^sn place, 
brine the sun's place in the ecliptic for the giren day to 
the Drass meridian, and set the index of the hour circle 
to 12 ; if the given time be before noon, turn the globe 
eastward till the index has passed over as many hours as 
the given time wants of noon ; but if the given time be 
past noon, turn the globe westward, till the index has 
passed over as many hours, as the given time is past noon. 
Keep the globe in ttiia position, and screw the quadrant 
of attitude on the brass meridian over the latitude of the 
place ; bring the graduated edge of the quadrant to coin- 
cide with the sun s place, and the number of degrees on 
the quadrant, between the horizon and die sua b place, 
will be the sun's altitude. 



EXAMPLES. 

1. What is the sun's altitude at Philadelphia on the 10th of 
Uay, at 10 o'clock in the morning ? 

Am. 88°. 

2. What is the sun's altitude at Paris no the 12th <rf Jime, 
at 4 o'clock in the afternoon ? 

8. What ia the sun's altitude at Moscow an the lit of Sep- 
tember, at half-past o'clock in the morning ? 

4. Required the snn'a altitude at Porto Bello on the 9th <tf 
JanuBiy, at 46 minutes past 10 o'clock in the tnonung ? 



Coot^lc 
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5. Whftt is the Gnn's altitude at Berlin on tbe 4tli ctf July, 
when the ran u on the meridian of Philadelphia? 

6. What is the sun's altitude at Lisbon on the 20th of Uarch, 
when the son is liung at Baltimore ? 



PROBLEM XLII. 

To find the sun's kast* altitude on any day at anyplace 
in the north frigid zone, uihen the sun does not descend 
beloto the horizon. 



Elevate the pole for the latitude of the place, bnngthe 
sun's place in tne ecliptic to that part of the brass meri- 
dian, which ia numbered from the poles toward the equa- 
tor ; and the number of degrees on the brass meridian, 
reckoning from the sun's place to the horizon, will be the 
altitude. 

Or, from the sun's declination take the ccHnplement of 
the latitude, and the remainder will be the altitude. 



1. What is the si 
itude 71^° N. onth 

Ant, b°. 

2. What is the sun's least altitude at Disco Island, on the 
2 1 St of June? 

3. What is the sun's least al^tude at Spittbergen in latitude 
80" N. on the 21st of May? 



* WheD the sun's altitade ia the least m any day at aoj place io the 
Borth frigid lone, it a midnight at all places in the temperate and torrid 
EOoei, rituftted □□ the same meridian w that place ; and, when the Bim'a 
altitude is the greatest oa anj da; at aaj place in ibe north frigid mae, 
it ia noon at all places in the temperate aod torrid EOoes, situated on the 
nme meridian w that place. The roles to nob, XL. will aerre ior find- 
ing the greatest altitude. 
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4. When it ia midnight at Lishon on the 2d of July, what is 
he bdh'b altitude at Bontekoe Island, in latitude 78^° N. ? 



PROBLEM XLIII. 

The tun's meridian altitude and the day of the month 
being given, to find the latitude of the place. 



Find the sun's declination for the given day, and mark 
it on the brass meridian ; then, if the sun was south of 
the observer when the altitude was taken, count on the 
meridian from this mark towards the south point of the 
horizon, as many degrees as are equal to the altitude, 
and observe the degree where the reckoning ends ; brine 
this degree to coincide with the south point of the hori- 
zon, and the elevation of the pole will show the latitude 
north or south, according as the north or south pole is 
elevated. If the sun was north of the observer when the 
altitude was taken, count the degrees in a similar manner, 
irom the declination towards the north point of the horizon, 
&c., and the elevation of the pcrie will show the latitude. 

Or, toitkout the Globe. I^nd the zenith distance, or 
the complement of the altitude, which call north if the 
sun was south when the altitude was taken ; but, if the 
sun was north, call the zenith distance south ; find the 
sun's declination in a table for that purpose ; then, if the 
zenith distance and declination have the same name, their 
sum is the latitude with that name ; but if they have con- 
trary names, their diSerence is the latitude, and of the 
same name with the greater. 



1. On the 10th of May, 1846. the sun's meridian altitude 
was observed to be S0°, and it was south of tiie observer ; 
what waft the tatHude of the plaoe ? 

Am. iTi-K 
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30 00 N. the Eenith distance. 

11 39 N. the ann's declinatioa, 10th May, 1846. 

41° 36' N. the latitude aonght. 

2. On the 6th of December, 1846, the nm'a meridian alti- 
tude was obaerred to be 80" 21' 8. of the obwirer ; required 
the latitude of the place ? 

Aiu. 124" 8. 

£;/ Caleulalim. 



80 21 B. Bon'B altitnde at aooo. 

fl 39 N. the Eenith distance. 
22 23 B. the sun'a declination, fith Dec. 184A. 

12° 44' S. the latitude sought 

8. On the Sfith of May, 1846, the son's meridian altitude 
waa obsaryed to be 78° IS' N. i^ th« obaeirer, reqnind th« 
latitude ? 

4. On the 1st of Febniary, at a certain alj where the c1o<dca 
an C hours B minutes dower Aan those at London, I observed 
the sun's meridian altitude to be 34° S. of aie ; required that 
dty? 

fi. On the 2Ist of June, at a certain city where the docks 
are 1 hour 4 minutes 28 seconds slower than those at New- 
Tork, I observed the sun's meridian altitude to be 83° 30' 8. 
of me ; required that city ? 

0. On the 80th of July, 1846, the meridian alUtude of the 
sun's centre, after correcuon for dip, or height of the eye, and 
refraction, was observed to be 60" li', the observer being north 
of the son ; required the latitude ? 
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PROBLEM XLIV. 

To find the sun't amplitude (30,) at anyplace on any day. 



Elevate the pole- for the latitude of the ^ven place ; 
find the sun's place in the ecliptic for the given day and 
bring it to the eastern edge oi the horizon ; the number 
of degrees from the east point of the horizon to the sun's 
place will show the rising amplitude; bring the sun's 

Elace to the western edge of the horizon, and the num- 
er of degrees from the west point of the horizon to the 
sun's place will show the settmg amj^itude. 

Or, hy the Anakmma. Elevate the pole for the latitude 
of the given place, and proceed as above, only use the day 
of the month on the analemma, instead of the sun's place 
in the ecliptic. 

EXAMPLES. 

. 1. What is the sun's amplitnde at Philadelphia on the 16th 
of July ? 

Ant. 28° from the east point towards the north, and 28° 
from the west point towards the north. 

2. What is the sun's amplitude at Washington on the Qthof 
November ? 

3. On what point of the compass does the sun rise and set 
at London on the 30th of April ? 

4. On what point of the compass does the sun rise and set 
at Peteraburg on the 21at of June? 

6. On what point of the compass does the sun lise and set 
at the Isle of France, on the 2lBt of December ? 

6. On what point of the compass does the sun rise and set 
on the SOth of March? 

7. How much does the sun's amplitude vary at Baltimore? 

8. How much does the sun's amplitude vary at all places on 
the equator? 
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PROBLEM XLV. 



Tojlnd the gun's azimuth (19,) at anyplace, the day and 
hour being given. 



Elevate the pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass meridian 
over that degree of latitude ; bring the sun's place in the 
ecliptic to me brass meridian, and set the index of the 
hour circle to 12 ; then, if the given time be before noon, 
bim the globe eastward, but if after noon, westward, till 
the index has passed over as many hours as it is before 
or after noon ; bring the graduated edge of the quadrant 
to coincide with the sun s place, and the number of de- 
grees on the horizon, between the north or south point 
thereof and the graduated edge of the quadrant, will 
show the azimuth. 

Or, by the Anakmma. Proceed as in the above rule, 
(mly, use the day of the month on th6 analemma. instead 
of the sun's place in the ecliptic. 

EXAMPLES. 

1. What is the sun's ammuth at New-York on the 27th of 
May. at 10 o'clock in the morning ? 

Am. The sun's azimuth is 63° from .the south towards the 
east? 

2. What is the sun's aamnth at Paris on the lOtb of Notmb- 
ber, at 3 o'clock in the afternoon ? 

3. What is the sun's aamuth at Washington on the 2lBt of 
June, at 6 o'clock in the morning ? 

4. What is the sun's azimuth at Port Royal on the 21st of 
June, at 1 o'clock in the morning, and at 10 ?* 



* When tke nin's dedinfttlaa exeeeda the l&tttade of the place, and 
boUi of tbe sama Dams, the bud will iqipear twice in tha (oreaooD at dif- 
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5. At what time does the son ftppesr on the same aiimntfa, 
twice ID the forenoon and twice in the afternoon, at Tobago 
Island, on the 20lih of May? 

6. At Boa, in latitude 40° N. on the 16th of March, Rt 8 
o'clock in the morning, the sun's magnetic azimuth was observ- 
ed to be 8. 60° 30' E. what was the true aximuth, and the 
Tariation of the compass ? 



PROBLEM XLVI. 

The day of the month being given, and the sun's altitude 
at any place, to find the. hour of the day and the xun's 
a%imuth. 



Elevate the pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass meridian 
over the degree of latitude ; bring the sun's place in the 
ecliptic to the brass meridian, and set the index of the 
hour circle to 12 ; bring the sun's place and the degree 
, oi altitude on the quadrant to coincide ; then the hours 
passed over by the index will show the time from noon, 
and the number of degrees on the horizon, between the 
north or south point thereof, and the quadrant will show 
the azimuth. 

BXAHPLEH. 

1. At what hour in the day in the afternoon,* on the lOtb 

ferrat timeH, on the eame point of the compua, and again twice in the 
mfleniooa at different times, oa tbs Bsme pcunt of the compnM, at that 
[dace ; and heboe, the ahadow or an oximuth dial will go back sereral 

* Hie altitade of tba Bon at any time before noon, is equal to his alti- 
tode at the game time past noon, at aoj place on anj day ; hence, it is 
leqniaite to mention whether the obserratiMi be made before orafttf 
iMiv othenriae the praUon admib id two anawen. 
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of NovMuber, b tlie ran's ftldtade 21° at Philadelphia, and 
what is hu aamnth ? 

AnM. At 48 nuDutes past 2, and the anmuth b 48" Erom the 
Booth towards the west. 

2. At what hour on the 11th (^ Jaooar^ ia the sun's altitode 
. 36° at Washington ? The obeerration being made in the tortr- 

S. At what hour in the afternoon on the 21st of June, b the 
snn'a altitude 60° at Constantiaople, and what is his aximuth ? 

4. At what hour ia the forenoon on the 16th of May, U the 
shadow of Washington Monument at Baltimore, equal in length 
to ita heiffht t and on what point of the compass does the 
shadow faU 1 

PROBLEM XLVll. 

The day of ike month and the sun's amplitude being given, 
to find the latitude of the place of observation. 



Bring the buq'b place in the ecliptic for the eiven day 
to coincide with tne giveD degree of smplitude oa the 
horizon, by elevating or depressing the pole ; then, the 
elevation of the pole will show the latitude. 



1. By an obserration, the enn's amplitude waa found to bo 
28° from the east towards the north, on the 17th of Joly i 
required the latitude of the place ? 

Jm. 40" K. 

2. The sun's amplitude was observed to be S0^° from the 
west towards the north, on the 13th of May ; required the lat- 
itude ? 

S. On the 18th of January, the son's riung amplitude was 
observed to be 20° 41' from the east towards the south ; re- 
quired the latitude ? 

4. At sea, on the 29d of November, I found the sun's set- 
ting amplitude to be 32° 15' from the west towards the south, 
after correctiag for the variation of the compass, dip of the 
horiacoi and reaction ; required the lalitode the stdp was in ? 
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PROBLEM XLVin. 



CHven tuK observed altitiidea of the tun, tke time eUmaed 
between them, and the day of the moiUh, to find the 
latitude of the place of obaervation. 



Find the sun's declinatioD, and under the degree of 
that declination on the brass meridian, make a mark <m 
the globe with a pencil, set the index to 13, turn the 
globe on its axis till the index has passed over as many 
Hours as are equal to the elapsed time, and under the 
degree of declination on the brass meridian, make an- 
other mark on the globe ; then, take the complement of 
the first altitude from the equator in a pair of compasses, 
and, with one foot in one mark, and a fine pencil in the 
other foot, describe an arc ; take the complement of the 
second altitude from the equator as before, and with one 
foot in the other mark, describe an arc to cross the for- 
mer arc ; brine the point of intersection to the brass meri< 
dian, and the degree above it will be the latitude sought. 

EXAHPLBB. 

1. On the 20th of Kiij, in north latitude, at 10 o'clock in 
the morning, the sun's altitude was S6° 30', and at 1 o'clock in 
the afternoon, his altitude iras 61° 30' ; required the latitude 
of the place ? 

Am. 450 N. 

9. On the 21st of June, in north latitude, at ^ o'clock in the 
aftenoon, the sun's altitude was 49° 30', and at 6 o'clock the 
same afteriKKMi, hb altitude was 20° ; required the latitude of 
the place ? 

a. On the 23d of July, the sun's altitude wss fi8° 40', and 
after 2 hours had elapsed, his altitude was 44°; required the 
latitude, BuppouDg it to be north ? 

4. When the sua's declination was 20° 8., bis altitude was 
S6° degrees, and after 1 hour 30 minutes bad elapsed, his alti- 
tude wu 42° ; required the latitude <tf Uie place of obaerra- 
tiOB, luppoiiag it to be north ? 
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. PROBLEM XLIX. 

Aity place and the day of the month being given, to find 
at what time the sun will be due east or weit. 



Elevate the pole for the latitude of the glren places, 
screw the quadrant of altitude on the brass meridian 
over the d^ree of latitude, move the lower end till its 
graduated edge comes to the east point of the horizon, 
and keep it in this position ; bring the sun's place in the 
ecliptic for the given day to the brass meridian, set the 
index of the hour circle to 13, and turn the globe on its 
axis till the sun's place comes to the graduated edge of 
the quadrant ; the number of hours passed over by thA 
index, will be the time from noon when the sun wdl be 
due east, and at the same time past noon he will be due 
west. 

EXAMPLES. 

1. At what hour will the sun be due east at Waahingtoo, on 
the 10th of Hay? and at what hour will he be due west oa 
the same day ? 

Ans. The time from noon, when the sun is due east, ia 4 
houri 20 minutes; hence the eua is due east at 40 minutes 
post 7 in the morning, and dud west at 20 minutes past 4 in the 
afternoon. 

2. At what hours will the sun be due east and west at Lon- 
don, on the 2l8t of June ? 

3. At what hours will the sun be due east or west at Kew- 
Tork, on the 20th of Uarch, and on the 23d of September ? 

4. Find at whnt hour the sun is due west at Baltimore, on 
the 27th of October ; and also, how many degreea he is then 
below the horizon.* 



* If tbe leDKth of tlie night at (he giren placa exModa the Iwgth of 
tbt da;, Um mil will b« do* tMt and ww^ wlm Iw ii bdsw tha botiaML 
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PROBLEM L. 



ToSnd tke sun's right ascension, oblique eacension, oblique 
descension, ascensional or descensional difference, (16, 
17,) and the tiTiie of his rising and setting at any place 
on any day. 



1. For the right ascension. Bring the sun's place in 
the ecliptic for the given day to the brass meridian, then 
the degree on the equator cut by the brass meridian, 
reckoning from the point Aries eastward, will be the right 



. 3. for the oblique ascension and descension. Elevate 
the pole for the latitude of the given place, bring the sun's 
place in the ecliptic to the eastern edge of the horizon, 
and the degree on the equator cut by the horizon, reckon- 
ing from the point Aries eastward, will be the oblique as- 
cension. Bring the sun's place in the ecliptic to the 
- western edge of the horizon, and the degree on the equa- 
tor cut by the horizon, reckoning from the point Aries 
eastward, will be the oblique descension. 

3. For the ascensional or descensional difference. Find 
the difference between the right and oblique ascension ; 
or,* between the right and oblique descension, and this 
difference reduce to time (see Prob. XVI.) ; then, if the 
sun's declination and latitude of the place be of Che same 
name, this time shows how long the sun rises before 6, 
and sets after 6 ; but, if the decUnation and latitude be 
of contrary names, this time shows how long the sun rises 
after 6, and sets before 6. 

XXAMFLES. 

1. Required the sun's right ascension, oblique ascension, 

* The diSercDCe betw«Mi Um li^t and d>Iiqne aaMoaioa, U tlwaja 
•qual to th* diflteaooe betraea tba right and obliqoa dwo wMi o n . 
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oUiqne deMenrion, a8ceiisi<Hul or deaoeiisiotuJ dUferenoe, and 
the time of fate riung and aetting at Philadelphia, on the Sffth 
of May. 

Aiu. The right aacenaion ia 02°, the oblique asoenuon u 48" 
IS', and tii6 oblique deecensioa is 80" 45', die asceiuioBal dif> 
ference i« 62° 00' — 4S° Ifi' = 18° 45', and the descea^oDal 
difference ia 80° 4fi' — 68° OC =' 18° 4fi', the same as the 
aacensioDal difference ; this difference reduced to time, gires 1 
hour 15 minntes'; consequently, the eun rises 1 hour 15 min- 
utes before 6, or at 45 minutes past 4 ; and sets 1 hour 16 
minutes after 6, or at 15 minutes past T, 

2. What are the sun's right .ascension, oblique ascension, 
oblique descenuon, ascensioDsl or descensional difference, and 
the time of his ridng, and setting at Washington, on the 7th of 
Janucuy? 

8. Find the sun's right ascension, oblique ascension, ascen- 
sional difference, and the time of bis rising and setting at Paris, 
on the 21st of June. 

4. What are the sun's right ascension, decUnation, obHqne 
ascenuon, oblique descension, ascensional or descensional dif- 
ference, risiiw ampUtnde, setting amplitude, and the time ot 
hit riaing antf setting at Hew- York, on the 21st <^ Deeember? 

PROBLEM LI. 

To find that part of the equation of time, or the differ- 
ence betioeen the time shown by a well regulated clock, 
and a trite sun-diaX, which abends upon the obliquity 
of the ecliptic* 



Bring the sun'a place in the ecliptic to the brass meri- 
dian, then count the number of d^rees from Aries to 



■ 1^ tme equation of lime, or the d 
hj a well ragnlalad dock, uid a true min-dial, canoot be detennined bf 
the globe ; beeanse H dependi Dpon tvo caiuea, namely, the obliquity of 
tlte ecliptic, and the irr^ular matioo of tbe earth in its ortat ; and heoee, 
tU* dif fere aee of time aa oalj be ibund bj tke globe, lo br aa it depend! 
)9sa the obUqnij^ el O* MUptift 
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the brass meridian, on the equator and on the ecliptic ; 
the di&rence reduced to time, counting four minutes of 
time to a degree, wiU be the equation of time. If the 
number of degrees on the equator- exceed those on ^ 
ecliptic, the sun is slower than the clock ; but, if the 
Bumber of dep^ on the ecliptic exceed those on the 
equator, the sun is faster than tne cfock. 



1. What n the equation of time whicli depends upon the 
obliquity of the ecliptic, on the 30th of April f 

Ana. The degrees on the ecliptic exceed the d^rreea on the 
equator by 2^ ; hence, the sun is 10 miuates faster than the 
clock. 

2. Required the equation of time on the Slet of July ? 

8. What is the equation of time dependent on the obliquity 
of the ecUptic, on the 14th of January ? 

4. On what four days of the year is the equation of time 
noduag? 

PROBLEM LII. 

7^ day and hour being given when a solar eclipse toill 
happen, to find where it will be visible. 



Find the place on the globe to which the sun is then 
vertical, (by Prob. XXII.) bring this jdace to the brags 
mendian, and elevate the pole ior its latitude ; ibea at 
most of the places above the horizon, the eclipse may be 
visible.* 

• If the moon chaiigeB in the node, her Bhsdow or peaumbra faDs per- 
pendicularlj; upon the earth in the form of a circle ; and the place on the 
earth where the hud is Tertical, is the centre of the peiiombial shadov at 
the middle of the general eclipse. When the moon is in apogee, and the 
am in perigee, the penunihral shadow maj caver a circular space on the 
Mith of 4,B00 milta, at iH" diameter. (1V6.) 

Whm tba mooa changae ihwt of btt dcaoendtaig node, tht pMiumbnt 

^* n I 



SXAHPLE8. 

1. Oa tlie 12th of February, 1650, there wiH he an eclipse 
of the Bun, at 1 honr 33 mmntes in the moming, New-York 
time ; where will it be Tinhle ? 

.Aiu. In the aonth-eaBtem part of Africa, in the Indian 
Oceftn, and in China. 

2. On the 7th of August, 1850, at 4 hoars S8 minutes in the 
aftanooo. New- York time, there will be an eclipse of the snn ; 
where might it be visible, snpponng the moon's pennmbral 
■badow to corer a nrcnlar space on the earth of 69^° diam- 
eter? 

NoTx, — ^Hie learner maj consult the Almanacs for more eZ' 

PROBLEM LIII. 

The day and hour being given when a lunar eclipse will 
happen, to find where it will be visible. 



Find the place on the globe to which the sun is thea 
vertical, (by Prob. XXII.) bring this place to the brass 
meridian, and observe its latitude ; keep the globe from 



itwdow puses over the northem parts of the earth ; and vben tibe ehaoges 
pMt the ■una node, the penumbra! diadow pagsee over the aoathem 
parts of the earth ; but vbea she changes short of the ascanding node, 
the pmumbnd ihadow pasBee oier the southeni partB of the earth ; and 
when she cbangee pa«t the sane node, the pecmnbral sbadoir pssses orer 
the DOTthem parts of the earth. The brther the moon dianges (rom ' 
-either node, -withlo the ecliptic limita (198), the lees will the part of the 
peoDlDbTal ehadov be vhich falU upoa the earth. 

And, becaose the mooo mBf change as well in loe node as in anntber, 
ud at difierent distances from them, it fbllovB that tlie variety of edipsea 
are almost ioauioerBble ; hence, if the extent of the penumbral ahadov 
be not aocnrately fbimd by calculation, il ia atlerly imposaiUe to find bj 
tba ^loba whera a solar edipse will be visible. 
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reTolving oa its axis, and if the latitude be north, elevate 
^e south pole so many degrees above the horizon as are 
equal to that latitude ; but, if it be south, elevate the 
north pole in a similar manner ; set the indez^ the hour 
circle to 12 ; turn the globe on its axis till the index has 
passed over 13 hours, or till it points to the other 13 ; 
then to all places above the horizon the eclipse will be 
visible; to that place which is luitipodes of the place 
where the sun is vertical, the moon will be vertically 
^lipsed ; to all places along the western edge of the 
horizon, she will rise eclipsed ; and to idl places along 
the eastern edge of the horizon, she will set eclipsed. 

BXAHFLEB. 

1. On the 19th of March, 1848, the middle of an eolipseof 
the moon was at 9 hours 12 minatea, Greeawiob astronomical 
Ume ; where was it vUible ? 

Am. It was visible to Asia, Europe, and Africa. 

2. On the Sthof March, 1649, the middle of aluDarecUpae 
was at 54 minutes past 7 in the evening; where waeitvisiUe? 

NoTB. — For more examples, the learner may consult the 
Almanac for any year. 



PROBLEM LIV 

To find the difference in the time of the Harvest Moon'$ 
daily rising (1 10), at any place. 



1. For north latitude. Elevate the pole for the lati- 
tude of the given place, make a mark on every 12° * of 
the ecliptic with a pencil ; preceding and following the 
point Aries, till there are seven or eight marks, bring that 
mark which is the nearest to Pisces to the eastern edge 
of the horizon, and set the index of the hour circle to 12 ; 

* Hie mooo's dwlj gain m kavitnde ovar Om «iui ii IS" 11' ST". (SB), , 
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turn tbe ^obe westward on its axis till the other muis 
successively come to the horizon ; the time passed over 
by the index, between the comics of any mark to the 
horizon, and that following, will show tbe difference of 
time between the moon's nsing on any two nights, when 
^ is in or near those marlEs. If the same marks be 
broueht to the western edge of the horiztm, and yoa yao- 
ceed in a similar manner, the difference between the time 
of the moon's setting may be found. When the difier- 
ence between the time of her rising is the least, the 
difference between the time of her setting will be tho 
greatest ; and the contrary. 

2. For south latitude. Elevate the pole for the lat- 
itude of the place, make a mark on every 12° of 
Ae ecliptic with a pencil, preceding and following the 
point Libra, till there are seven or eight marks ; bring 
tiiat mark which is nearest to Virgo, to the eastern edge 
of the horizon, and set the index of the hour circle to 12 ; 
then, proceed precisely as in the above rule, and yon will 
find the difference Mtween the time of the harvest 
moon's rising, which happens about the time of the vernal 
equinox. 

PROBLEM LV. 

To place the terrestrial globe in the sunshine, so that it 
may r^resertt the natural position of the earth. 



Place the globe directly north and south by tbe compass, 
taking -^nre to make a proper allowance for the variation ; 
let the ■vfX)den horizon be perfectly horizontal; bring the 
place in which you are situated to the brass meriaian, 
and elevate the pole for its latitude ; then the globe will 
correspond in every respect with the situation of the 
earth itself The poles of the globe will be directed 
towards the poles in the heavens, the meridians, parallels 
of latitude, tropics, and all the circfea on the globe, will 
correspond with the same imaginary circles in the hea- 
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vens ; and each kingdom, country, and state, will be 
directed towards the real one which it represents. 

While the sun shines on the globe, one hemisphere will 
be enlightened, and the other will be in the shade ; and 
hence, at one view, may l^ seen all those places which 
have day, and Uiose which have night, &c. 

PROBLEM LVI. 

To find the hoar of the day at any pUue, by placing the 
globe in the sunshtTte. 



Place the f^obe due north and south upon a horizontal 
plane, by the compass, allowing for the variation, and 
elevate the pole for the latitude of place ; bring the sun's 
place in the ecliptic to the brass meridian, and set the 
mdex of the hour circle to 13 ; stick a needle perpendic- 
ularly in the sun's place in the ecliptic, and turn the 
globe on its axis till the needle casts no shadow, keep the 
globe in this position, and the number of hours passed 
over by the index will show the time from noon, hence 
the hoar of the day is easily obtained. 

PROBLEM LVII. 

To find the sun's altitude, by placing the globe in the sun- 
shine. 



Place the globe upon a horizontal plane, stick a needle 
over the north pole, in the direction of the axis of the 
globe, and turn the pole towards the sun, so that the 
shadow of the needle may fall upon the middle of the 
brass meridian ; then, elevate or depress the pole till the 
needle casts no shadow ; the elevation of the pole above 
the horizon will be the sun's altitude. 
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PROBLEM LVin. 



To find the mn'i declination and hit aximtith, by placing 
tbe globe in the ttinshine. 



' Place the globe due north and south upon a horizoDtat 
plane, by the compass, or by a meridian hne,* and ele- 
vate the pole for the latitude of the place ; then if the 
son shines over the north pole, his declination is as many 
degrees north as he shineB over the pole ; if the sun does 
not shine so far as the north pole, his declination is as 
man; degrees south, as the enlightened part is distant 
from the pole. 

CH>serTe the degree of the sun's declination <Xi the brass 
meridian, and stick a needle perpendicularly in the globe 
imder that degree ; turn the globe on its axis till the needle 
easts no shadow ; keep the globe in this position, and 
screw the quadrant of altitude over the degree of lati- 
tude ; bring the graduated edge of the quadrant to coin- 
cide with the point where the needle is nxed, and the de- 
gree on the horizon will show the aEimuth. 



" A meridiaii line may be dnwn in the fcUoiriDg maimer. Deacribe * 
<iide <m a bwixantal pIsDe, in Ibe centre of vtiicb fix k olnu^t irire per- 
pendicokr to tlie pkne ; m«rk b tbe momiiig -where tlie end of Ilia 
duidow lotK^ieB the drcnrnference of tbe circle ; in tbe kfteniooo nuuk 
vbere tbe end of the ■badow tooebee tbe cireamfiarenoe of the ume circle ; 
and, divide tbe arc of tbe cirele eotilained between tbeee two mirks into 
two equal porta ; a line drawn from the point of diviaim to the eeetre of 
the cdrcle, will be a true meridian, or Dortb aud aoulh line. If this line be 
intersected bj a perpeDdicular, that perpendiculiu' will be an east and 
v«at line ; thni joa will have the fbur wrdiDal poiuU of tbe bcrixon. 
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PROBLEM LIX. 
To make a horizontal sun-dial far any latitttdf 



Elevate the pole for the latitude of the place, and bring 
the point Aries to the brass meridian, then, as globes in 
general, have meridians drawn through every 16° of lon- 
gitude, eastward and westward from the pomt Aries, ob- 
serve where the meridians intersect die horizon, and 
count the number of decrees between the brass meridian 
and each of the points oT intersection : the hour arcs will 
respectively contain these degrees. The dial must be 
numbered 12 at the brass meridian, thence, 11, 10,9,6,7, 
6. 5, &c., towards the west, for morning hours ; and 1, 3, 
8, 4, 5, 6, 7, &c., towards the east, for evening hours. 

It is unnecessary to draw any more hours, than what 
will answer to the sun's continuance above the horizon 
on the longest day at the given place. The style or gno- • 
mon of the dial must be fixed in the centre of the dial- 
plate, and elevated as many degrees above the plane of 
which, as are equal to the latitude of the place. The 
dial must be placed, so that the hour 12 may be directed 
towards the north, if the latitude be north, with the upper 
part of the gnomen parallel to the earth's axis. 

Let it be required to make a horizontal dial for the 
latitude of Bakimore. 

Elevate the north pole 39° 17' above the horizon, and 
bring the point Aries to the brass meridian ; then you 
will find tne degrees on the eastern part of the horizon, 
between the brass meridian and the meridians on the 
globe, to be as follows, namely, 9° 38', 20° 5', 32° 20', 47° 
88', 67° 4', and 90°, for the hours 1, 2. 3, 4, 5, and 6, in 
the afternoon ; and on the western part of the horizon, the 
hour arcs will contain the same degrees, for the hours 11, 
10, 9, 6, 7, and 6, in the morning. 
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The following table,* shows not only the hour arcs, but 
the halves and quarters from 12 to 6- 



Boon. 


Htmr 


HoutAt^. 


Houn. 


Hour 


HoorAroi. 


m 


3''4B' 


2" ■23' 


3* 


48" 45' 


85" 50' 


m 


7 30 


4 46 


H 


62 30 


39 32 


m 


11 Ifi 


7 11 


H 


66 16 


48 28 




15 


9 36 


4 


60 


47 88 


H 


18 46 


12 B 


H 


63 45 


62 6 


H 


22 30 


14 42 


H 


67 30 


56 48 


H 


26 IG 


17 20 


*f 


71 16 


61 48 




80 


20 5 


5 


76 


67 4 


2 


83 45 


22 56 


5 


78 46 


72 84 


2 


37 30 


25 56 


6 


82 80 


78 16 


2 ■ 


41 15 


29 3 


6 


83 16 


84 6 


8 


46 


32 20 


6 


90 


90 



PROBLEM LX. 
To make a vertical sun-dial, facing the aoutk, in north 



Elevate the south pole for the complement of the lati- 
tude of the ipven ^ace, and bring the point Aries to the 
brass meridian ; then, as globes in aeneral have meri- 
dians drawn through every 15° of longitude from the 
point Aries, observe where the meridians intersect the 
horizon, and count the number of degrees between the 

* Wlule llie ^obe renuinB io tlie podtioD described in Hie rule, it viU 
be seen that a rigbt-angled spherioal triangle is fbnned, Uie perpeDdicular 
of which is the latitude, the base the lunar arc, and the vertical angU 
Qi4 hour angle. Hence, for 2 boure, we have 

as cotang, hour angle SO" ar. co. — 1.7SUS9 
JB to Radiua 90° - - - 10.000000 
BO is Bin. Utitade 86° 17' - 9.801S11 

to laog. hour uc 30° G' - 0.662960 
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brass me4(lian and each of the points of intersectitm ; 
the hour arcs will respectively contain these decrees. 
The dial must be numWred 12 at the brass meridian, 
thence, 11, 10, 9, 8, 7, 6, towards the west for morning 
hoursi; and 1, 2, 3, 4, 6, 6, towards the east, for evening 
hours. It is unnecessary to draw any more hours on 
such a dial, than these, because the sun cannot shine 
longer upon it than 12 hours in the course of one dav- 
The style or gnomon must be parallel to the earth's axis, 
and elevated as many degrees above the plane of the 
dial-plate, as are equal to the complement of the latitude. 

Let it be required to make a vertical dial, facing the 
gouth, for the latitude of Baltimore. 

Elevate the south pole 50" 43' above the horizon, and 
bring the point Aries to the brass meridian; then, you 
will nnd the degrees on the eastern part of the horizon, 
between the south point and the mendians on the globe, 
to be as follows, namely. 11° 43', 24° 5', 37° 44', 53° 17', 
70° 64', and 90°, for the hours 1, 2, 3, 4, 5, and 6, in the 
afternoon ; and on the western part of the horizon, the 
hour arcs will contain the same degrees, for the hours, 
11,10, 9, 8, 7, and 6, in the momii^. 

The following table is calculatea precisely in the same 
manner as the table in the precedmg problem by asinff 
the complement of the latitude instead of the latitude. 



Hoon. 


Hoot 
Angles 


HoutAiob. 


Bonn. 


Angles 


HoorAra. 


12 


8° 45' 


2=54' 


34 


48° 46' 


41° 26' 


12i 


7 30 


6 49 


H 


62 30 


45 15 


ISf 


11 IS 


8 46 


H 


53 16 


49 12 ' 


1 


16 


11 43 


4 


60 


68 17 


11 


18 45 


14 43 


4 


63 45 


57 30 


H 


22 30 


17 47 


H 


67 30 


61 61 


1 


26 Ifi 


20 64 


■*f 


71 15 


66 19 


2 


30 


24 6 


6 


76 


70 54 


2i 


33 45 


27 21 


H 


78 45 


76 85 


4 


SI 30 


30 42 


H 


82 80 


80 21 


2* 


41 16 


34 10 


6 


86 16 


86 10 


a 


45 


87 44 


6 


90 


90 
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It may be observed, that the time shown by a san-ditd 
is the a)H>areat time, and not the true or mean time <^ the 
day, as stiQwn by a well regulated clock. (36.) The fol- 
lowing table of the equation of time wtU ^ow how much 
a clock should be faster or slower than a saa-dial. Every 
son-dial should have such a table engraven up«m it. 



"Z^ 


UitaUt. 




Hiant«^ 


■5KC' 


Hiimtoi. 


Jan. 1 


4 


19 


1 


24 


8 


8 


6 


28 


2 a 


27 


9 


S 


8 


30 


3 §" 


30 


10 


7 


7 


May 13 


4 ^ 


Oct. 8 


11 


9 


8 


29 


3 o 


e 


12 


12 


9 


June 6 


2 1 
1 r* 


10 


13 


16 


10 


10 


14 


14 


18 


11 


15 





19 


IS Q 


21 
26 




• 




27 
Not. is 


16 S 

16 ^ 


13 S 


20 


1 


91 


"1- 


26 


2 


20 


14 S- 


Feb. 10 


is:: 


29 


8 


24 


IS 1 


21 


18 € 


July 6 


4 _ 


27 


12 Z- 


27 


11 


6 r 

e Sr 


80 


11 1 

10 1 


Uaroh4 


12 B- 


28 


Dec. 2 


6 


11 S 


Aug. 9 


It 


6 


9 g" 


12 


10 ft 


15 


7 


8 o 


16 


9 • 


20 


8 ^ 


9 




19 


li 


24 


2 


11 


6 ■ 


22 


28 


1 


13 


S 


2S 


« 


81 





16 


4 










18 
20 


3 
2 


April 1 


4 


Sept. 8 


1 _ 


4 


3 


e 


2 1 
8 1 


22 


1 


7 


2 


9 


24 





11 
IS 




12 
IS 


* 1 

6 S 

7 ■ 









26 


1 2 






18 
21 


28 
30 


2g. 
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CHAPTER II. 

PSOBI1EH8 FESFOEMED BT THE CBLESTIAI. GLOBS. 



PROBLEM I. 
To find the right ascension and declination of any star. 



Bring the given star to that part of the brass nieridian 
which IS numbered from the equioootial towards the 
poles ; the degree on the brass meridian above the star 
IS the declination, and the degree on the equinoctii^ cut 
by the brass meridian, reckoning from the point Aries 
eastward, is the right ascension. 



1. Required the right ascension and declinaticHi of «, JretU' 
riu, in the right thigh of Bootes. 

Am. lUght ascension 211° 5S', declination 20° 8' N. 

2. Required the right ascension and declinations of the fol- 
towins st«« : 



fi, Dentb.M Cygnns, 
y, Al</orvh, in the Crow, 
«, Oanopaa, in Argo Nsvis, 
jS, Rigd, in Orion, 
«, Spiea Vtrpmit, in Vii^, 
t, Miraeh, in Bootes, 



<«, Arieti*, in Aries, 
m, Gulor, in Gemini, 
fi, Algol, m Perseus, 
a, Allair, in the E^le, 
a, Antarei, in the Scorpion, 
«, Schedar, in CassiopeuL 



* niii nJe irill uuirar ba finding die lun'i right 
nmtiOQ, bj naing the bud'b place in ttie ecUptic, '"«*«"< 
Ilie lig^t aaciHuiiBi and declinatiaa of the oukd tad 
'btmd from tlie Nau(io^ Aimaft^i' 
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PROBLEM 11. 
To find the latitude and longitude of any star.* 



Bring the north or south pole of the ecliptic, according 
as the star is on the north or south side of the ecliptic, to 
the brass meridian, and screw the quadrant of altitude 
upon the brass meridian over the pole of the ecliptic ; 
keep the globe from revolving on its axis and move the 
quadrant till its graduated edge comes over the given 
8tar ; then, the degree on the quadrant over the star is 
its latitude, and the number of d^rees on the ecliptic, 
reckoning from the point Aries eastward to the quadrant, 
is its longitude. 

EXAMFLSB. 

1. Required the latitude and longitude of <■, Jfarkab, in Pe- 
gasus. 

Ant. Latitude 19° 25' N., and longitude 11 signs 20° 64 . 

2. Required the latitudes and longitudes of the following 



«, Mtair, m the Eagle, 
A JfiracA, in Andromeda, 
«, Arelurui, in Bootes, 
«, Aldebaran, in Taurus, 
•, Feja, in Lyra, 
«, .nrnioMaul, in the S. fish 
a, Siritu, in Cania Uajor, 
4t Segviiu, in Leo, 



A Rigtli in Orion, 
«, Sellatrix, in Orion, 
•, Capella, in Auriga, 
<*, Proeymt, in Cams MinOTj 
•, Rtutaben, in Draco, 
/}, Pollux, in Gemini, 
fi,. Algol, in Perseus, 
y, Alpen^, in Pegasus. 



* Hie Utitndes and loDgitndea of the moon and pUneta nrart b« tooad 
ftom UiB Nautic*! Almanac^ itr an I^ihemaria ; becaiue, tliej cannot ba 
placed on the globak aa the aUts at 
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PROBLEM III. 



T%e right atcenaion and declinatUm of lh« tnoon, a tlar, 
or a piaTiet, being given, to find itt place on the globe. 



Bring the givea degree of right ascension to that part 
of the brass meridian, which is numbered from the equi- 
noctial towards the polea ; then, under the given declina- 
tion on the brass meridian, you will find the star, or the 
place of the moon or planet. 



1. What star has 163° 6' of right ascenuoD, and 62° 44' N. 
declination ? 

Am. «, I>ubht, in the back of the Great Bear. 

2. On the 10th of September, 1848, the moon's right ascen- 
Moa was 20 hours 54 minutes, aod her declination 13° 58', S. 
find her place on the ^lobe at that lime. 

Ant. About 4° in Piacee, nearly Id the plane of the ecliptic. 

3. What stars have the following right asoeneions and decli- 
nationn ? 

29° 14' 22°'36'N'. 2 2 A. 47m. 20° 35' S. 

86 20 7 22 N. 20 35 44 88 N. 

176 3 64 42 N. I 4 27 16 12 N. 

4. On the 13th of December, 1848, the declination of Mars 
was 21° 3' S. and his right ascension 16 hours 8 minutes ; find 
his place on the globe at that time. 

fi. On the 2fitn of Deoember, 1648, the right ascension of 
Jupiter was 9 hours 38 minutes C3 seconds, and his deolinalicm 
14^ 69' 34" N. ; find his place on the globe. 

6. On the SUt of Deoember, 1848, the right ascensicHi of 
Saturn was 23 hours 26 minutes 18 seconds, and his deoliua- 
tioa fi° 58' 58" 8. ; find his place on the globe. 
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PROBLEM IV. 

7%« latiimde and longitude of the moon, a star, or a 
planti, being given, to find its place on the gbAe. 



Bring the north or south pole of the echptic, according 
as the latitude ia north or south, to the brass meridian, 
and screw the quadrant of altitude upon the brass meri- 
dian over the pole of the ecliptic ; keep the globe from 
reTolving on its axis, and move the quadrant tillits gradu- 
ated edge cuts the given degree of longitude on the eclip- 
tic ; then under the given latitude, on the quadrant, jou 
will find the star, or the place of the moon or planet. 

EXAMPLES. 

1. Wliat star has 2 signs 1" 12' of longitude, and S° 28' 8. 
latitude ? 

Ant. », AUMaran, in Tannis. 

2. What stars have the following latitudes and loagitndes ? 



UT. 


LON 






LAT. 


LOU. 


ff> 40' N. 


3s 20° 


40' 


19° 


26' N. 


lis 20" 54' 


9 58 N. 


1 5 


5 


4 


33«S. 


8 7 11 


21 Y S. 


11 1 


16 


29 


19 N. 


9 29 10 


16 3 8. 


2 25 


61 


39 


33 8. 


3 11 IS 


n 62 K. 


2 18 


67 


10 


4 N. 


3 17 21 


12 3S 8. 


1 11 


25 


44 


20 N. 


7 9 22 



8. On the 9th of December, 1848, at midnight, the moon'k 
longitude was 2 sigiu 11° 9', and ber latitude 4° 69' 8. ; re- 
quired her place on the globe? 

4. On the ISth of Hav, 1848, the longitude of Yeniis was 
36° 15', and latitude 1 24' S. ; requirrf ber place on the 
globe? 
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PROBLEM V. 

The month, day, and hour of the day at any place being 
given, to place the globe m such a manner as to r^re- 
>ent the Seaveni at that time and place ; in order to find 
the relative lituations and names of the constellations 
and principal stars. 



Place the globe, on a clear star-light night, due north 
and south by the compass, upon a horizontal plane, where 
the suTTOunaing horizon is uninterrupted by different ob- 
jects, and elevate the pole for the latitude of the place ; 
nnd the sun's place in the ecliptic for the given day, bring 
it to the brass meridian, and set the index of the hour 
circle to 12; then, if the time be after noon, turn the 
globe westward on its axis till the index has passed over 
as many hours as the time is past noon ; but if the time 
be before,noon, turn the globe eastward till the index has 
passed over as many hours as the time wants of noon ; 
keep the globe in this position, then the flat end of a pen- 
cil being placed on any star on the globe, so as to point 
towards the centre, the other end wiU point to that par- 
ticular star in the heavens. 



PROBLEM VL 

The month, day, and hour of the day at a place being 
given, to find what stars are rising, setting, culmina- 
ting, (19,) 4^. 



Elevate the pole for the latitude of the place, bring the 
sun's place in the ecliptic to the brass meridian, and set 
the index of the hour circle to 12 ; then, if the time be 
after noon, turn the globe westward on its axis till the 
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index has passed over as many hours as the time is past 
n<XHi ; b«l, if the time be before noon, turn the globe east- 
ward tin the index has passed over as many hours as the 
time wants of aodn ; keep the globe in this position ; then, 
all the stars along the eastern edge of the horizon will be 
risins at the given place, those along the western edge 
will Be setting, those under the brass meridian above the 
horizon will be culminating, those above the horizon will 
be visible, and those below the horizon will be invisible. 
If the globe be turned on its axis from east to west, those 
stars wnich do not descend below the horizon, never set 
at the given f4ace; and those which do not ascend above 
the horizon, never rise. 

XXAHFLES. 

1. Oft the 21at of Ootober, whea it is 7 o'clock in the even- 
ing at Philadelphia, what stars are rising, what stars are set- 
ting, and what stars are culminatit^ ? 

Am. Mmkar in Cetus, is rising ; Oapella, & litLle above the 
eastern edge of the horizon, Deaeh, on the meridian, Arctunu, 
a little east of the western edge of the horizon ; Antares, in 
the Scorpion, setting, &c. 

'2. On the 16th of January, when it is three o'clock in the 
morning at Baltimore, what stars are riung, what stars are set- 
IJng, and what stars are culminating ? 

Am, Deniit is riung, Dubhe culminating, Alamai in Andro- 
meda, setting, dec. 

9. On the lOlh of November, when it is tea o'clock in the 
evening, at Washington, what stars are rising, what stars are 
setting, and what stars are culminating ? 

4. What stars never set at Paris, and what stars never rise 
at the same place ? 

6. How far northward must a person travel from New- York, 
to lose sight of Antares ? 

6. How far southward must a person travel from Mexico, to 
lose sight of Duhhe ? 

7 . In what latitude do those reside, to whom Siriut is never 
visible, but when in their horizon ? 

8. In what latitude is Aldebaran always vertical, when on 
the meridian ? 
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PROBLEM VII. 



The month and day being given, to find at what hour of 
the day any star, or planet, will rise, ^Iminate, and 
set at any given place. 



Elevate the pole for the latitude of the given place, 
bring the sun's place in the ecliptic for the given day to 
the Brass meridian, and set the index of the hour circle 
to 12 ; then if the star or planet* be below the horizon, 
turn the globe westward on its axis till the star, &c„ 
comes to the eastern edge of the horizon, the brass meri- 
dian, and the western »ige of the horizon successively ; 
the hours passed over by the index in each case, will 
show the time from noon, that the star or planet rises, 
culminates, and sets. 

If the star, &c., be above the horizon and east of the 
brass meridian, find the time of culminating, setting, and 
risins, in a similar manner ; but, if it be weat of the brass 
meridian, then you will find the time of setting, rising, 
and culminating. 

EXAMPLES. 

1. At what time will Aretums rise, culminate, and set at 
Washington, on the 21st of August ? 

Ans. It will rise 45 minutes past 8 o'clock in the morning, 
culminate at 4 in the afternoon, and set at 15 minutes past 11 
o'clock at night. 

2. On the 14th of December, 1848, the right ascension of 
Venoa was 301° 18', aod her declination 22^ 23' S., at what 
time did she rise, culminate, and set, at Baltimore, and was she 



2 minutes past 2 o'clock in the 



> llie planef B place on t}ie gjobe mint be deteimined \fj Prok TIL or 
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aftemooa, let at 16 miautes past 1, aad rose at 6 minntes 
before 10. Tenui was an evening star, because she set after 
the HUD. 

8. At what time will Siritu rise, culminate, and set at New- 
York, on the 25th of December? 

4. On the eth of September, 1848, the right aBceneion of 
Jupiter was 6 hours 67 minutes 12 seconds, and bis declination 
17° 47' N., at what time did be rise, culminjite, and set, at 
Waafaingtan, and was he a morning or an evening star ? 

6. On the 3d of October, 1848, the right ascension of Saturn 
was 23 honrs 26 minut«s 46 seconds, and his declination fi" 69' 
6" 8., at what lime did be rise, cnlminate, and set, at Boston? 



PROBLEM VIII. 



7%e month and day being given, to find all those start 
that rise and set achronicaUy, cosmically, and heliacally 
(24), at any given place. 

ve. 
Elevate the pole for the latitude of the given place. 

Then, 

1. For the achronical rising and setting. Bring the 
dud's place in the ecliptic to the western edge of the 
horizon, and all the stars along the eastern edge of the 
horizon will rise achronically, while those along the west- 
em edge will set achronically. 

2. For the cosmical rising and setting. Bring the 
sun's place to the eastern edge of the horizon ; and all the 
stars along that edge of the horizon will rise cosmically, 
while those along the western edge will set cosmically. 

3. For the heliacal rising and setting. Screw the 
quadrant of altitude on the brass meridian over the de- 
gree of latitude, turn the globe eastward on its axis till 
the sun's place cuts the quadrant 12° below* the eastern 

* "nie brighter k itar ia vh«n above the btnison, tlis lew will the mn 
be depresaed beloir the borisao, vhen that «tw firet becomes viiiblei 
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edge of the horizon ; then, all stars of the first maenitude, 
alone the same edge of the horizon, will rise heliacallv ; 
continue the motion of the globe till the sun's place m- 
tereeeta the quadrant in 13', 14°, 15", &c., below the 
horizon, and you will find the stars of the second, third, 
fourth, &,c., magnitudes, which rise heliacally, at the 
^ven place on the civen day. Bring the quadrant to 
the western edge of tne horizon, turn the globe westward 
on its axis, till the sun's place intersects the quadrant in 
a similar manner as before, and you will find all the stars 
that set heliacally. 

EXAMPLES . 

1. What Stan rise and set acluonically at Washington, fta 
the 1st of Jan\iary? 

Aat. Cdttor in Gemini, Bettlguese in Orion, Ac, rise achroni- 
cally ; and ^ in Bootes, y in Hercules, &c., set achronically. 

2. What stars rise and set cosmically at Pbiladelphia, on the 
2d of June ? 

Am. Aldebaran, and fi in Taurua, &c., rise cosmically, and 
Areturtti, Ac, in Bootes, set coBmically. 

8. What star of the first magnitude rises heliacally at New- 
Tork, on the 25th of June ? 

Am. AlddMran in l^unie. 

4. What star of the first magnitude sets heliacally at Balti- 
mon, on the 22d of January ? 

Am. Altair in the Eagle. , ^ • 

5. What stars rise ana set cosmically at Dublin, on the 14tli 
of November? 

S. What stars rise and set aohromcally at London, on the 
27th of April t 

hence, the hetiMsal ri^ig Mid wlting of the stan will vuy arcoording to 
tkuT different degree* ^ Dugoitude snd brilliuKj. ~Acc«-diDg ia Ptol- 
emy, itan itf the fint magnitiule ire seen Hdog snd setting wlieii the sun 
b IS" beloT the boriHii. gl«n of the lecood magnitude vben the euu i« 
18° belov (he borism, Btars of the third magnitude 14°, and so on, reck- 
cning one dagree for each magnitude. 
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PROBLEM IX. 



To fimd the time of tke year at whteh antf given star riaet 
or utt txchromcaUy, at a given piaee. 



Elevate the pole for the latitude of the given [dac«, 
bring the civen star to the eastern edge of the horizon, 
observe what degree of the ecliptic is cut by the western 
edge of the horizon ; and, the day of the month answer- 
ing to that degree will show the time when the star rises 
acnronically, or when it begins to be visible in the even- 
ing. Bring the given star to the western edge of the 
horizon, observe what degree of the ecliptic is cut by the 
same edge of the horizon ; and the day of the month an- 
swering to that degree will show the time when the star 
sets achronically, or when it ceases to appear in the 
■ evening. 



1. At what time does J)eneb rise achroDicsIly at Baltimore, 
and on what day of the year doea it set acbronically ? 

Am. Deneb rises achronically on the Slst of May, and it 
sets acbronically on the 22d of March. 

2. On irhat-day of the year does Areturus rise achronically 
at Waahiogton, and at what time does it set achronically ? 

3. On what day of the year does Aldebaran b^n to be vis- 
ible in the evening at Glasgow, and on what day does it cease 
to appear in tbe evening ? 

4. At wbat time does Procyon in Oanis Minor rise achroni- 
cally at New-York, and on what day of the year does it set 
achronically ? 

5. On what day of the year doea Spiea Virpimt set acbrcHi- 
ically, (H- cease to appear in the evening, at Baltimore ? 



Dgitiz^dbv Google 



THE OILIHTIAL OLOSB. 



XULE. 

To find the time of the year at which any given ttar rises 
or sets cosmicdUy, at a given place. 

Elevate the pole for the latitude of the given place, 
bring the given star to the eastern edge of the homon, 
and observe what degree of the ecliptic is cut by the 
same edge of the honzon ; the month and day of the 
month answering to that degree, will show the time when ' 
the star rises cosmically, or when it rises with the sun. 
Bring the given star to the western edge of the horizon, 
and observe what degree of the ecliptic is cut by the 
eastern edge ; the month and day of the month answer- 
ing to that degree, will show the time when the star sets 
cosmically, or when it sets at sun-rising. 



1. At what tjme of the year does Procyon in Canie Minor, 
rise cosmically at Washington ; and, at what time does the 
same star set cosmically at the same place ? 

Ana. Pnxyon rises cosmically on the 24th of July, or rises 
with the BUD on that day, and sets cosmically on the 2fitb of 
December, or sets at sun-rising on that day. 

2. At what time of the year does Regultu rise cosmically at 
New- York, and at what time does it set co«mioally ? 

S. At what time of the year does Bellatrix in Orion rise 
with the snn at London, and at what time does it set at sun- 

4. At what time of the year does Arelurut rise with the 
sun at Philadelphia ; and at what time of the year will it set, 
when the sun nses at the same place? 

5. At what time of the year do the Pleiadu rise cosmically 
at Baltimore ; and at what time do they set cosmically at the 
same place ? 
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PROBLEM XI. 

To find tke time of the year at which any given star rites 
or sets heUacaUy, at a given place. 



Elevate the pole for the latitude of the ffvea place, 
aod screw the quadrant of altitude on the brass meridian 
over the degree of latitude ; bring the given star to the 
* eastern edge of the horizon, and move the quadrant til] 
it cuts the ecliptic 12" below* the eastern edge of the 
horizon, if the star be of the first magnitude; 13° if it be 
of the second magnitude ; 14° if it be of the third mag- 
nitude, and so on ; the degrees of the ecliptic cut by the 
quadrant will show, on the horizon, the day of the month, 
when the titar rises heliacally. Bring the given star to 
the western edge of the horizon, and move trie quadrant 
of altitude till it cuts the ecliptic below the western edge 
of the horizon, in a similar manner as before ; the degree 
of the ecliptic cut by the quadrant will show, on the 
horizon, when the star sets heliacally. 

BXAHPLBB. 

1. At what time of the year does Areturus rise heliacally at 
JertiBalem, sod at what time does it set heliacally at the same 
place ? 

Am. AreturvM will rise heliacally on the 23d of October, 
that is, when it first becomes Tieible in the morning, ^ter having 
been so near the sun as to be hid by the splendor of his rays ; 
and, Aretunu will set heliacally on the 7tn of Novembw, tLat 
is, when it first becomes invisible in the evening, on account of 
its nearness to the sun. 

2. At what time of the year does Siriut, or the Dog Star, 
rise heliacally at Rome, tod at what time does it set beUacaJly 
at the same place ? 



• See tlie Dote to Prob. VUL 
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8. What time of the year does Proeyon riae heliocaHy at 
If ew- York, and at what tjine does it set helUcaily at the Mme 
p)acfl? 

4. At what time of the year does Spica VirpinU riee heli- 
acally at London, and at what time does it Bet heliacHlly at 
the same place? 

PROBLEM XII. 

To find the diurnal arc (25,) of any star, or its contin- 
uance above the horizon for any day at a given place. 



Elevate the pole for the latitude of the given place, 
bring the ^ven star to the eastern edge of the horizon, 
and set the index of the hour cirole to IS ; turn the globe 
westward on its axis till the given star comes to the 
western edge of the horizon ; the hours passed over by 
the index will be the star's diurnal arc, or its continuance 
above the horizon for any day, at the given place. 

KXAMPLEB. 

1. What is the dhimal ore of Segulut, or its conlinauice 
above the horiiOD for one day at New- York ? 

Am. 13 hours 35 minutes. 

2. What is the diurnal arc of Siriua, at London? 

3. Aldebaran in Taurus, rises poamioally at Philadelphia, on 
the 2d of June, does that star set hefore or after the sun on 
the same day, and how long ? 

4. What IS the diurnal arc of Arcturm at Waahingtoo ? 

6. How long does Proeyon continue above the honzon, 
during one revolution of the earth on its axis, at Baltimore ? 

0. What is the diurnal arc of Capella at Rome ? 

7. Arieti* sets cosmically at BaJtiinore on the 31st of Octo- 
ber, how long does that star nse before the sun sets on the 
same day ? 

8. What la the diurnal arc of PoUux at Quebec ? 
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PROBLEM XIII. 

To find the oblique ascension and descension of any star, 
and its rising and setting amplitude, at a given place 



Elevate the pole for the latitude of the given place, 
and bring the given star to the eastern edge of the hori- 
zon, then the degree of the equinoctial cut by the same 
edge of the honzon, will be the oblique ascension, and 
the number of degrees between the star and the eastern 
point of the horizon will be its rising amplitude : turn* 
the globe westward on its axis till the given star comes 
to the western edge of the horizon, then the degree of 
the equinoctial cut by the same edge of the horizon, will 
be the oblique descension, and the number of degroes 
between the star and the western point of the horizon, 
will be its setting ampUtude. 



1. Required the oblique ascension and descension of Gutor, 
and its rising and setting amplitude, at Philadelpbia. 

An». The oblique ascension is 78", oblique descension 144° ; 
rising amplitude 45° to the north of the east, and setting am- 
phtude 45° to the north of the west. 

2. Required the oblique asceasion and descension of Begitlus, 
and its rising and setting amplitude at New- York? 

3. Required the oblique ascension, ohlique descension, and 
its rising and setting amplitude of y in Leo, at Washington ? 

4. Required the riung and setting amplitude of Arelurus, 
its oblique ascension, and oblique descension, at Loudon ? 

C. Required the imne and setting amplitude of « Aqnilce, 
its oblique ascension, ami oblique descenuon, at Baltimore ? . 



* Tin star's dhmial arc ma; here be fbnod, b; obaeTriatr tb« nutnber 
of houn rsMifl orer bj tbe index, during this motioa of the globe on ilu 
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PROBLEM XIV. 



To find the distance in degrees between any two ttart, or 
the angle which they swtend, as seen by a spectator on 
the earth. 



Lay the graduated edge of the quadrant of altitude 
over the two given stars, so that the divisioB marked 
may be od oae of the stars ; the d^rees on the quadrant 
coiDprehended between the two stars will be tneir dis- 
tance, or the angle wliich they subtend, as seen by a 
i^iectator on the earth. 

KXAHFLES. 

1 . What is the difference between Arctwut and J)vbhe f 
Am. 64°. 

2. Wliat is the dielonce between « in Serpeotanus, and y in 
Cygnus ? 

3. What is the distance between Lyra and Miraehf 

4. What is the distance between Gemma and Antart* ! 

' 6. What is the distance between Alioth in the t)ut of the 
Great Bear, and ]S m the tdl of Leo ? 

6. What is the distance between Dmdi and Menkar f 



PROBLEM XV. 

To find the ineridian altitude of a star or planet, on any 
day* at a given place. 

BULK. 

Elevate the pole for the latitude of the ^ven [dace, 



• It ii not nquisU to give tba da; of tka toootli, in fi 
dknaltitDda of (1m ttMi, Ucbbm It ia mtmriaU* at tfa* m 
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and bring the given star or planet's* place on the globe 
to the braas meridian ; then the number of degrees on 
the meridian, contained between the sCar or planet's 
[dace aod the horizon, will be the latitude required. 

■XAMPLEB. 

1. What is the meridian altitude of Aldebaran in Taurus, at 
WaBhiogtoD T 

An». eli" 

2. What is the meridian altitude of Arctums at Paris ? 

3. What is the meridian altitude of Capella ai Baltimore ? 

4. On the 1st of January, 1848, the right ascension of Man 
ma 2 hours 12 minutes T seconds, and declination 14° 43' 44" 
N.; what was his meridiMi altitude at Neir-York ? 

5. On the 6th of December, 1848, the moon passed the 
meridian of Baltimore at S hours 42 minutes,f when her right 



' "Rm nrooo ot plauefa place od tl>e globe mnM be determined Yij 
PrA nt or rV. 

t The leo^itude of Bdtimore is 76° 30* — E *. In. wwt of Greenwich. 
On the 6th and ttb of December, 1B4B, the moon'R meridiaa paasages 
were at SA. SOni. snd BA. 2Gin. Greenwich mean time, the difCereoce is 
5fitit.; theretbre, 24A. : Gfint. :: BA. Tm. : 12m., which added to the Green- 
wich mean time of transit on the fith, gives 8A. 4Sm. for the mean time 
of transit at Baltimore. 

Od the Sth of December, bj the Nautical Almanac, the 

Rif[tit aeceomoo at midnight was lA, 40>n. 48&, dedioatloa 7° 6' M" S. 
" " Doon, " 1 12 66 " 4 68 88 N. 



LMrease in 12 honrs fK>m noon 27 52 8 11 6B 

' Then, ISA, : Vim. 62t : : SA. 42nL : 20in. I2i;, whi(^ added to Ihe right 
asceiwion at noon gives lA. 88m. 61.. the moon'* right Becenmiw atSA. 
42in. whenebe paseed the meridian of Baltimore. And ISA.; 2° 11' ftS* 
: : BA. 4Stn. : 1° SS' 10", which added to 4° 5S' 3S" N. the declioatdoa at 
DDOD, bocanse increuing, girea 6° 29' 16" N., the declinatioo when she 
p i e e d the meridian. Hence, 90° — 89° IT + 9° 29' 19"^B7° 12' 
IS", the meridiaa altitude at the time propoeed. 

llie placee of the pUael« maj be taken from the Naatical Almanac 
te Doon, wilhont material error, because they Taiy lew than that of the 
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aaoennoti was 1 hour 93 nunutes 8 Beeonds, and declinafion 6° 
26' 16" N,; required her meridian attitude at B^more ? 

6. On tbe 1st of Norember, I84S, the right sscenaion of 
Yenus was 16 hours 15 minutes, and declination 22° 4' atyatit ; 
reqmred her meridian altitude at Baltimore. 

PROBLEM XVI, 

The month, day, and hour of the day at any place being 
given, to find the altitude of any star, and us aximuth. 



Elevate the pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass meridian 
over the degree of latitude ; bring the sun's place in the 
ecliptic for the given day to the nrasa meridian, and set 
the index of the hour circle to 12 ; then, if the given 
time be before noon, turn the globe ea^itward on its axis, 
till the index has passed over as many hours as the time 
wants of noon ; but, if the given time be past noon, turn 
the globe westward on its axis till the index has passed 
over as many hours as the time is past noon ; keep the 
globe from revolving on its axis, and move the quadrant 
of altitude, till its graduated edge comes over the given 
star ; the degrees on the quadrant, comprehended 
between the horizon and the star, will be the altitude ; 
and the degrees on the horizon, between the north or 
south point thereof and the quadrant, will be the azi- 
mutb. 

EXAMPLES. 

1. Required the aldtude and azimuth of ^ in Leo, at Phila- 
delphia, on the QOCfa of March at 10 o'clock in the evening ? 

Am. The altitude is £9", and aijmnth 40^° from ifae south 
towards the east. 

2. On what point of the compass does Altatr bear at Waeh- 
iiu;toD, on the 19lh of April, at 3 o'clock in the morning ; uid 
what is its altitude ? ^. 
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S. Beqared dw aWtode Biid asBBth of ..iKtenw Kt Dddia. 

)D the Su of September, at 8 o'ekick in the tmwag ? 

4. Required the altitode and nbonth of irw\ia&mPef;mM, 
It Pari^ on the SOth ot Angoat, at o'clock in tlio arac^ T 



PROBLEM XVII. 

7%e month and day of the month being given, <aid the 
altitude of a ttar at any place, to jiM the hour of the 
night,* and the gtar's aiimuth. 



Elevate the pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass meridian 
over the degree of latitude ; bring the sun's place in the 
ecliptic for the given day to the orass meridian, and set 
the index of the nour circle to 12 ; bring the quadrant to 
that side of the meridiant on which the atarwas situated 
when observed ; turn the globe westward on its axis, till 
the centre of the star cuts the given altitude on the 

r,drant ; then the hours passed over by the index will 
w the time from noon, when the star has the given 
altitude, and the degree on the horizon intersected by the 
quadrant, will be die azimuth. 



1. At I^iladdphia, on the 20th of March, the ator ^ in Leo, 
was observed to be 59° above the borixcm, and eaat of the nw- 
ridiao, what hour waa it, and what was the star's aamuth ? 



* If tba obsarT&taoD be in«d« b tlw motuog, tlie boqr <*o be u notf 
ftnmd l^ tnrniiig tba globe ewtrsrd on its axk, md tlie nunlber i^ boon 
p— ad over bj ihe index will draw tba Uwe from noco, m the mxnii^, 
iriien the stw ba* lb* girim altitude. 

t A itar will htm tba mam kltitiide on both mdee of tlia meridian ; 
1 wbich aide ot tba mari^an tba 
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.Aa. It wu t«n o'okxsk in the erebtog, and Ui« atar's ui- 
- nuth was 4(4^° from th« Boath towards the east 

2. At Waahliifftoii, on the 23d of October, tin etar Lyra 
waa obserred to be sa" abore the borizon, and west of the 
meridian, what hour was it, and what waa the star's aamoth ? 

8. At Dublin, on the llth of December, Mitraehm Andro- 
meda was obaetred to be 66° above the hoiiion, and eaat of 
the meridiui, what hour was it, and what waa the riar's as- 

4. At Baltimore, on the lat of Jtmuary, in the mcxning, the 
altitade of Aretunu was obaerrod to be 44^°, and it was east 
of the meridian, what honr was it, and what was the star'a 
aamnth? 

PROBLEM XVIII. 

The month and day of the month being given, and the 
azimuth of a star at any place, to find the hour of the 
night, ana the xtar'a altttude. 



Elevate the pole for the latitude of the given place ; 
aod screw the quadrant of altitude on the brass meridian 
over the degree of latitude ; bring the sun's place in the 
ecliptic for the given day to the brass meridian, and set 
the index of the nour circle to 12 ; bring the graduated 
edge of the quadrant to coincide with the given azimnth 
on the horizon, and keep it in that position ; then, turn 
the ^obe westward on its axis till the centre of the given 
etar comes to the graduated edge of the auadrant, the 
hours passed over by the index will show tne time from 
noon when the star has the given azimuth, and the de- 
grees on the quadrant, comprenended between the hori- 
zon and the star, will be the altitude. 



1. At Pluladelphia, on tbe 20th of March, the aamuth of 
;■ in Leo, waa obeerred to be 49^° from tlie south tofrarda the 
east, what boor waa it, and what waa the star's altitude ? 
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Jm. It wM 10 o'clock in tbe erening, and the ■tar's ald- 
tnde was 69°. 

2. At Waafainjftoa, on th« 2Sd of October, the aamntli of 
Zyra was 73° from the north towards the west, what boor was 
it, and what was the star's altitude? 

3. At DubUn, on the Gth of September, the aaimuth of Are- 
iunu was 89° from the south towards the west, what hoar 
was it, and what was the star's altitude ! 

4. At Paris, era the 30th of Angust, the admnth of Mariab 
io Pegasm was 68° from the south towards the east, what honr 
was it, and what was the star's altitude ? 

PROBLEM XIX. 

7%e month and day of the month being given, and the 
hour tohen any known star rises or sets, to find the lot- 
itu^ of the place. 



Bring the sun's jdace in the ecliptic for the given day 
to the brass meridian, and set the index of the hour circle 
to 13 ; then, if the given time be before noon, turn the 
globe eastward on its axis as many hours as the time 
wants of noon ; but, if the given time be past noon, turn 
the globe westward on its axis as many hours as the time 
is past noon ; keep the globe from revolving on its axis, 
elevate or depress the pole till th^ centre of the given star 
coincides with the edge of the horizon, and the elevation 
of the pole will show the latitude required. 

EXAMFLEB. 

1 . In what latitude does MenJear in Cetus rise at 1 o'clock in 
the evening of the 21st of October? 

Am. 40«N. 

2. In what latitude does Arclurttt rise at 46 minutes past 8 
o'clock in the morning, on the 21st of August ? 

3. In what latitude does AJamaJt. in Andromeda, set at 8 
o'clock in the morning, on the 16th of JanuaiT ? 

4. In what latitude does Alphteea, in the Northern Crown, 
riae at 9 o'clock in the evening, on the 9th of February ? 
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PROBLEM XX. 



The meridian altitude of a known star being given, to 
jind the latitude of the place of observation. 



Bring the centre of the given star to that part of the 
brass meridian which is numbered from the equinoctial 
towards the poles ; count as many degrees on the brass 
meridian, from the star, either towards the north or south 
point of the horizon, according as the star was north or 
south of you when observed, as are equal to the giveii 
altitude, and mark where the reckoning ends ; then ele- 
vate or depress the pole till this mark coincides with the 
north or south point of the horizon, and the elevation of 
the pole will show the latitude. 

EXAMPLES. 

1. In what latitude ia the meridian altitude of Ald^artm in 
Taurus, eV^J" above the south point of the horizon ? 

Am. 88° 53' N. 

2. In what latitude is the meridian altitude of jirehtn**, 61^° 
above the south point of the horizon ? 

3. Being alsea on the 22d of August, 1848, I took the me- 
ridian altitude of Allair, and found it to be fi6:J' above the 
south point of the horizon ; required the latitude of the ship? 

4. In what latitude is the meridian altitude of Lyra 80° 
above the north point c^ the horizon ? 

PROBLEM XXI. 

The altitude of two known stars being given, to find the 
latitude of the place. 



Take the complement of the altitude of the first ^ven 
btar from the equinoctial in a pair of compasses, and, 
wiih one foot in the centre of that star, and a fine pencil 
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in the otfm foot, describe an arc ; take the comidement 
of tho altitode of the secdnd star from the equinoctial as 
before, and, with one foot in the centre of this star, 
describe an arc to cross the former arc ; bring the point 
of intersection to that part of the brass meridian which 
u numbered from the equinoctial towards the poles, and 
the degree above it will be the latitude sou^t. 



1. In BCffth lalitnde, I observed the altitude of Capella to be 
80°, and that of Caitor 40° ; what latitude was I ia ? 

Am. 40° N. 

2. At sea in north latitude, I obserred the altitude of Lyra 
to be 36°, aod that of Altair 26° ; required the latitude in ? 

3. In north latitude, I observed the altitude of Menkar in 
CetuB to be 60°, and that of AlffetUb in Pegasus 36° ; what 
was the latitude of the place of obBervation? 

4. In north latitude, the altitude of Proeyon ma observed 
to be 40°, and that of BeUalrix in Orion, at Uie same time, 
mu 64° ; required the latitude of the place of obserraticMi ? 

PROBLEM XXII. 

Two start being given, the one on the meridian ajui the 
other an the eaatem or western edge of the horizon, to 
find the latitude of the place. 



Bring the star which was obserred to be on the meri- 
dian, to the brass meridian ; keep the globe from revolv- 
ing on its axis, and elevate or depress the pole till the 
eatre of the other given star coincides with the eastern 
or western edge of the horizon ; then the elevation of the 
pole will show the latitude. 

EZAHFLES. 

1. When Lyra was on the meridian, fi in Leo was setting ; 
reqmred the latitude ? 
Jns. 36° N. 



Dgitiz^dbv Google 



TBX OWJOTIAL SLOBB. SOT 

2. When liarkab io Pegasus waa on the meriduo, OoMtor 
was riuDg ; required the latitude ? 

8. When Aretnnu was on the meridian, Proeyon was set* 
ting ; required the latitude ? 

4. In what latitude is ^ in Leo riung, when Aldebaraa is <xi 
the meridian ? 

PROBLEM XXIII. 

The latitude of a place, the day of the month, and two 
stars that hate me same azimvJth, being given, to find 
the hour of the night, and the common aximvtk. 



Elevate the pole for the latitude of the place, and screw 
the quadrant of altitude on the brass meridian over that 
latitude ; bring the sun's place in the ecliptic for the given 
day to the brass meridian, and set the index of the nour 
circle to 13 ; turn the f^lobe westward on its axis, till the 
two given stars coincide with the graduated edge of the 
quadrant of altitude ; the hours passed over by the index 
will show the time from noon, and the degree of the ho- 
rizon, intersected by the qnadrant, will show the common 
azimuth. 

SXAHFLES. 

1. At what hour at Philadelphia, on the 10th of Hsy, will 
Areturvs, and ^ in libra, have the same a&muth, and what will 
that aamuth be ? 

Atu. At 10 o'clock in the evening, and the anmnth will be 
96° from the south towards the east. 

2. At what hour at Paris, on the 18th of August, wiU Z^ra 
and Mlair have the same admuth, and what will that an- 
math be? , 

3. On the 7th of September, what is the hour at Washing* 
ton, when I>eneb in Cygnus, and Gemma have the same an- 
muth, and what is the ammuth ? 

4. Onthel9thofMa7,wfaati8thehouratLondon,wheai}tiM« 
and Q^eUa have the same anmnth, and what is the aainiith ? 

1»* 
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PROBLEM XXIV. 



TTie latUwie of a place, the day of ike month, and two 
ttart that have Uie ntme altitude, being given, to find 
the hour of the night. 



Elevate the pole for the latitade of the place, and screw 
^ quadrant of altitude on the brass meridian over that 
latitude ; bring the sun's place in the ecliptic for the given 
day to the brass meridian, and set the index of the hour 
circle to 12 ; turn the globe westward on its axis tilt the 
two given stars coincide wi^ the «ven altitude on the 
graduated edge of the quadrant ; the hours passed over 
by the index will show the time from noon when the two 
stars have that altitude. 

XXAMFLBS. 

1. At what hour at New- York, on the 22d of August, will 
Duhhe and Areiurut have each 24° of altitude? 

Ant. At 9 o'clock in the eveniiig. 

2. At what hour at WaahingtoD, on the 17th of Fehnuuy, 
will Aldebamn in Taurus, and BtUlg^teu in Orion, have each 
59^° of altitude ? 

8. At what hour at Dublin, on the 22d of December, will 
Proeyon and Alioth have each 28° of altitude ? 

4. At what hour at London, on the 16th of November, will 
Algenib in Pegasus, and Algol in Perseus, have each £3" i^ &!• 



PROBLEM XXV. 

To find on what day of the year, any given star passes 
the Bteridian of any place, at any given hour. 



Brine the given star to the brass meridian, and set the 
index m the hour circle to 13 ; then, if the given time be 
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before noon, turn the globe westward on ita axis, till the 
index has passed over as many hours as the time wants 
of noon ; but, if the ^ven time be paat noon, turn the 
globe eastward on its axis, till the index has passed over 
as niany hours as the time is past noon ; then, the degree 
of the ecliptic cut by the brass meridian, wilt show on 
^e horizon the day of the month required. 



1. On what day of the month does Jreturvt come to the 
meridian of Philadelphia, at 9 o'dook in the erening? 

Ans. On tiie 7tb of June. 

2. Od what day of the month, and in what moatb, does 
Altair come to the meridian of Washington, at 3 o'clock in the 
morning ? 

3. On what day of the month, and in what month does 
Siriui come to the meridian of Baliimore, at midiught ? 

4. On what day of the month, and in what month doea 
Proeyon come to the meridian of Greenwich, at noon ?* 

PROBLEM XXVI. 

The day of the month and hour of the ntght or morn- 
ing at any place being given, to find what planets 
will be visible at that hour. 



Elevate the pole for the latitude of the i^ace, bring the 
sun's place in the ecliptic for the given day to the brass 
meridian, and set the index of. the hour circle to 12; then 
\S the given time be before noon, turn the globe eastward 
on ita axis till the index has passed over as many hoyn 
as the time wants of noon ; but, if the given time be past 
noon, turn the globe westward on its axis till the index 



' * WluD the given itar oomet ta Uw *"— ^'*^" at noon, Ute nm'a 
will be feaad nmlw the linm.nieridUi^wMiogt tumiagtiw gjtJM, 
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hu passed over bm manj hours «9 the time is past notm ; 
keep the globe from revolving od its axis, find the pUnetg' 
jriaces on the globe (by Prob. III. or IV.) and if any of 
their places he above the horizon, audi planets will be 
visible at the given time and place. 

EZAHPLEB. 

1. On the 28th of October, 1648, the right ascenskm of 
Yeuus, by the Nantical Almanac, was 15 hours £4 mmntes, 
11 leconds, and declinaldfai 20° 60' 83" S., was b1» viable at 
WasbiDgton at 6 o'clock in th6 evening ? 

Atu. Yenog was a little above the weateni edge of the hori- 
tm, neariy in conjunction with fi Scorpii. 

2. On the Slat of Decemb^, 1848, the right aacwaions and 
deolinstJonB of the planets were as follows ; were any of them 
visible at New- York, at 9 o'clock in the eveDiag? 

RIGHT Asois. DacLnT. Rionr Asczir. decliit. 

9 18A.22m.24». 24''46'80"8.|5( 9A. 37»a.24*. 16" 8'2S"K. 
¥ 21 29 10 Ifl 4Q 43 S.U23 28 18 5 58 58 8. 
in IT 33 41 8.\W 1 8 40 6 37 49 N. 
>'& 23 39 29 8 9 52 S. at midnight 



PROBLEM XXVII. 

To find how long Venus rises before&e sun, when she it a 
morning* star, and how long she seta after the sun, when 
she is an evening star, on any given day, at any given 
place. 



Elevate the pole for the latitude of the place ; then, if 
y^us be B morning star, bring the sun's place in the 



* WtiMl Teana' loD^tuds is less than the Biin's longitude, she riass 
before him in the monung, and is then called a momiog star ; but what 
bcr kHigitnde is greater than the son's longitodc^ die shinea in the arening 



U;.t.z=d by Google 



ni OILBBTIAL BLOaC. Ml 

ecliptic for the ^veo day to the eastern edge of the hori- 
zon, and set the index of the hour circle to 12 ; turn the 
globe eastward on its axis till the place of Venus on the 
globe for the given da^ (found by Prob. III. or IV.) comes 
to the eastern edge of the horizon, and the hours passed 
over by the index will show how long Venus rises oefore 
the sun. But, if Venus be an evening star, bring the 
sun's place to the western edge of the horizon, and set 
the index to 12 ; turn the globe westward on its axis tilt 
the place of Venus on the globe, comes to the western 
edffe of the horizon, and the hours passed over by the 
index will show how long Venus sets afler the sun. 

Note. — The same rule will serve for Jupiter or Saturn, 
by finding his place on the globe instead of that of Ventis. 

EXAMPLES. 

Od tbe lltb of December, 1848, the right ascension of 
Teaos waa 19 hours 49 minules IV seconds, and declinaUon 
23° 4' se" S. ; waa she an evening star, and if so, how long 
did she shine afler the Hun set at Washington! 

An*. Venus, shone 2 hours sjid 30 minutes after the sanset. 

2. On the 16th of May, 1848, the longitude of Venus was 
38° 15', and latitude 1° 24' S., and of course a monung star ; 
how long did aha rise before the snn at Paris ? 

3. On the 1st of October, 1848, the right aaceasion of Ji){h- 
ter was 9 hoars 14 minutm 91 seconds, and declination 16° S6' 
N., was he a morning star, and if so, how long did he rise 
before the sun at Philadelphia t 

4. On the 18th of Apnl, 1848, the right ascension of Jnpi- 
ter was 6 hours &8 minute.<; 3 seconds, and declination 23° 7' 
T" N., was he an evening star, and if bo, how long did be shine 
after the sun set at Baltimore ? 

6. On the Ist of May, 1848, the right ascenuon of Satnm 
was 23 hours 33 minutes 26 seconds, and declination 4° 57' 
42" S. ; was he a morning or an evening star ? If a mornbg 
star, how long did be rise before the smi at New- York ; hut 3 
tn evening star, how long did he shine after the sun set t 
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PROBLEM XXVm. 



To find what^tart the moon can eclipse, or ma/[e a near 
approaik to, or what stars lie in or near her path. 



Find the moon's longitude and latitude, or her right 
ascensioQ and declination, for several days tosether, in 
the Nautical Almanac, and mark her places on the slobe ; 
(by Frob. III. or lY.) then lay the quadrant of ^itude 
over these places, and you will see the moon's orbit, cod- 
sequently, what stars he in or near her path. 

BXAMPL88. 

1. What Btara were in or near the moon's path on the 21at, 
22d, 23d, 24th, 25th, tad 2eth of Ai]giist,-]848? her li^ht 
aacemdoDS and deolinatioas, at midnight, on these days, being 
aa follows : 

BIOBT ASCBN. DBCLINATIOB. I BIGHT ABCEH. DECLniATlOH. 

2l8l,4A.9m. Ij. ] 5" 56' 28" N. 24th, 74. 3™. 32*. 17" 48' 34" N. 
82d, S 7 16 17 38 53 N. 2Sth, 8 1 16 lU 13 N. 
23d, 6 5 42 18 16 35 N.l26tb,8 54 37 13 S7 17 N. 

Am. The stars will be found to be a Tauri, y Geminonun, 
X Qeminoruin, &c. 

2. On the 16th, \1ih, 18th, 19th, 20th, and 2lBt of Decem- 
ber, 1848, what stars lay in or near the moon's path? her 
right sscensiona and decimations at midnight, on these days 
b^g as follows : 

BtaaX ISCEN. SBCLINATION.I BiaBT ASCBN. DBCLIN^TION. 

16th, llft.83m.82*. 4° 19' 2S' H. 19ib, 13A.42n..37*. 7" 7' 58'' S. 
17th, 18 10 .TO 23 31 N.20th, 14 88 38 10 28 54 S . 
18th, 12 56 49 3 28 10 S.|21at, 15 IS 24 13 24 7 S 
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PROBLEM XXIX. 

The day of the month being given, to find all those 
places on the earth to which the moon will be nearly 
vertical on that day. 



Find the mooo's declination in the Nautical Almanac 
for the given day, and observe whether it be north or 
south ; (hen, {by the terrestrial globe,) mark the moon's 
declination on that part of the brass meridian which is 
numbered from the equator towards the poles ; turn the 
globe eastward on its axis, and all places that come 
under the above mark, will have the moon nearly* verti- 
cal on the ^ven day. 



1. On tbe lOth of December, 1848, the moon's declinatioa 
at midnight wrs 18" 29' N„ over what places on the earth did 
she pass nearly vertical ? 

Ant. The moon was nearly vertical at Port au Prince, Tim- 
boctoo, Bombay, &c. 

2. On the 27th of October, 1848, the moon's declination at 
midnight, was 12° 12' S., over what places did she pass nearly 
vertical ? 

3.. To what places of the earth will the moon be verdcal, 
when she has the greateatf north declinatjon ? 

4. To what places of the earth will the moon be vertical, 
when she has the greatest south declination ? 



* On Kocoimt of the swift motico of the moon in her <nbit, hmI codw- 
qnentlj, s i:auiilerable iocressa or decrease of declination in iLe coan« ot 
U hoort, the solution will differ DuteriAUj from the truth. 

f When the mooo'a asoendiiig node U in Aries, she will have the graal- 
est nMth and soath dedinatkin ; for her orbit m'fcing an angle of about 
6i° with tbe ecljptic, her greataat declination will be 6i;° mne tbsD the 
gTMleet declinatiiHi of the iqn. 
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PROBLEM XXX. 



To find the time of the moon's southing, or coming to the 
meridian of any place, on any given day. 



Elevate the pole for the latitude of the place, find the 
moon's lougituae and latitude, or her right ascension and 
declination, in the Nautical Almanac, for the given day, 
and mark her place on the globe; bring the sun's place 
in the ecliptic for the given day to the brass meridian, 
aod set the index of the hour circle to 12 ; turn the globe 
westward on its axis tOl the moon's place conies to the 
meridian, and the hours passed over by the index will 
show the time from noon, when the moon comes to the 
meridian of the place. 

Or, correctly, without the globe. Take the difference 
between the sun and moon's increase of right ascension 
in 34 hours ; then, as 24 hours less this ditference, are to 
24 hours, so is the moon's right ascension at noon 
less* the sun's right ascension at the same instant, to the 
time of the moon's passage over the meridian. 

EXAHFLEB. 

1. At what hour on the 14th of June, 1848, did the moon 
pus over the meridian of Greenwich, her right ascension at 
noon being 15 hours 42 minutes 4 seconds, and her declination 
18= 13' S. 

Ant. By the globe the moon came to the meridian at 10 
minuteB past 10 o'clock in the evening. 

By Calculation. 

Son's right ascension at noon, 14th June, ik. 81m. 83<, 

" " " " 16th " 6 35 42 



Increase in 84 hours, - - - 4m. 9». 

<• tr Iha aiiii'i li^t ucwuiwi ba greater tluui tbe mooo't, 14 boon 
MiBt ba added to tlw moou'i ri|^ MceMton bete* 70a nibtmei 
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Moon'i right ascension at noon, 14th June, 15h. 42in. 4t. 
" " " " 15th " 16 31 40 



IncreaM in 24 hours, - • - 49)». 36«. 

Hence 4&ffl. 36«. — 4m. 9t. = 46m. 2Ts., the excess of the 
moon's modon in right ascenuon above the sun's in 24 hours. 
Then 2ih. — 45m. 27*. : 24A. : : ISA. 42m. 4*. — sA. 31m. 
8S«. : lOA. SOm., the trne time of the moon's passage over the 
meridian, agreeing with the Nautical Almanac. 

2. At what hour, on the I6th of October, 1848, did the 
moon piaa over the meridian of Greenwich ; her right ascen- 
sion at midnight b«ng 5 hours 36 nunntes, and her declination 
18°8'N-? 

8. At what hour on the 1st of September, 1848, did the 
moon pass over the meridian of Greenwich ; her right ascen- 
rion at noon, being 13 hours 23 minutes 10 seconds, and decUr 
nation 6° 55' S ? 

4. At what hour, on the 6th of December, 1848, did the 
moon pass over the meridian of Greenwich ; her right aseen- 
non at noon b^g 1 hoar 12 mlnates 56 seconds, and declinn- 
tion 4° 64' N. t 



Dgitiz^dbv Google 



MISOUXAirPODB KXAMrLn 



1. Whkn it 18 8 o'clock in the monung at PttiiB, what is the 
hour M Washington f 

2. What is the stm's longitude and declination on the l7th 
of Januaiy? 

3. How many miles make a degree of longitude in the lati- 
tude of Philadelphia ? 

4. When the sun is on the meri<tian of Philadelphift, what 
plac«8 have midnight ? 

6. What is the angle of position between London and Rome-? 
6. On what point of a compass must a ship steer from Cape 
Heniy to Cape Clear t 

I. What places of the earth have the sun vertical on the 
18th of April ? 

8. What places of the earth are in perpetual darkness on 
the 1 8th of December t and how far does the sun shine over 
the Bonth pole ? 

9. Where does the sun beein to shine constantly without 
setting on the Qth of May, and in what latitude is he begini^ng 
to be totally absent ? 

10. On what two days of the year will the sun be vertical 
at Bencoolen ? 

II. What is the length of the longest day at Washington 1 

12. What day of the year is of the same leneth as the 12th 
ofM.y! * 

13. In what latitude does the sun set at 11 o'clock on the 
let of June ? 

14. How many days in the year does the sun rise and set in 
latitude 78° N. ? 

15. On what two days of the year at Philadelphia, is the 
time of the sun's rising to the time of his setting in the dinH:t 
ratio of 4 to 3 ? 
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le. What day following the 4th of Jnl^ia one hour shorter 
than it, nt Baltimore ? 

1 7. What is the equation of time dependent on the ohliqnity 
of the eoUptic on the Ist of August ? 

IB. On what day of the year is the meridian sllJtade of the 
■on at Washington equal to 46° ? 

19. At what hour wilt the sun be due east at Philadelphia 
on the 26 th of May ? 

SO. Being at sea on the 14th of June, I fotind the snn'a set- 
ting amplitwle to be 29° from the west towards the north ; re- 
quired the kljtnde the ship was in t 

21. At what hour in the afternoon on the 2d of August, is 
the lens;th of the shadow of any object at Washington equal to 
itaJieignl? 

22. What is the sun's azimuth at New-York on the 30th of 
April, at 8 o'clock in the morning ? 

23. Required the duratioQ of twilight at the north pole ? 

24. When the sun is settiog to the inhabitants of Baltimore, 
to what inhabitants of the earth ia he then rising? 

25. What inhabitants of the earth have the greatest portion 
of moon hght ? 

26. Required the latitude and longitude of Iht^e, in the 
back of the Great Bear ? 

27. What is the altitude of the north polar star at Uezico? 

28. What is the hour at Paris, when a cane placed perpen- 
dicular to the horizon of Philadelphia on the lOlh of June in 
the afternoon, casts a shadow equal to the length of the cane ? 

29. On the 1st of May, 1648, the geocentric longitude of 
Tonus was 19° 10'. and Utitude 1° 35' 8. ; was she a morning 
or on evening star ? If a morning star, how long did she rise 
before the sun at Washington ; but if an OTening star, bow long 
did she shine after the sun set ? 

SO. What inhabitants of the earth have no shadow on the 
1 7th of May, when it is 40 minutes past 1 o'clock in the after-' 
noon, at Philadelphia ? 

31. In what latitude is the meridian altitude of Protyem 67° 
above the south point of the horizon ? 

32. Being at sea in north latitude on the 5th of Jane, I ob- 
served the altitude of Lyra to be 49°, and that of Altair 21° ; 
required the latitude in, and the hour of the night ? 

33. What stars never set at Washington, and what stars 
never rise at the same place ? 
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84. How far Dorttiward mnat a penm tinrel bom BaltinuHW 
to loae sight of Siriui f 

85. On what day of t^ montti, and ui irhai month, will the 
pointers* of the Oreat Bear be on the meridian of Washington 
■t 10 o'clock in the evening ? 

36. When Zyra was on the meiidian, I obaemd that ^ptoa 
in Tirgo was setting ; required the latitude of the place of oh- 
■ervation ? 

37. What is the Bun's greatest meridian altitude at Paris f 
SB. Whatstusrisa achronieally at Washington.on the 11th 

of Febmary ? 

3ff. What stars rise cosmioally at Dnblin, on tlie ISth.of 
April? 

40. What BtaiB set heliaoally at London, on the 4lh (rf Jvly ? 

41. What atara set cosmicslly at Baltiii)o>«> on the »th of 
October ? 

42. On what day of the year does Ald^xtran rise achroni- 
cally at Washington ? 

43. On what day of the year doee ProeytM begin to be viu- 
Ue in the evening at Washington ? 

44. On what day of the year does Siriut cease to appear in 
the evening at Baltunore ? 

46. At what time of the year does Beliatrix rise with the 
aim at New- York ? 

46. At what time of the year does Siriut become visible in 
the momine at Washington, after having been so near the sun 
as to be hid by the splendor of hia rays ? 

47. At what time of the year does Aretwnt first become 
invisiUe in the evening at Washington, on account of its near- 
aesa to the sun ? 

48. How long does ^ m Leo continue above the borixon. 
during one revolution of the earth oa its axis, at Baltimore ? 

4ft. What is the distance in degrees between Btffoiua and 
DvUef 

00. What are the snn'a right ascen«on, oblique ascension, 
oblique descension, ascenuonal or descenuonal difference, rising 



* The two Btai«, marked ■* and ^ in the Oreitt Bear, ire called the 
pointen, beoauM a liae drawn throng tbem, pcnnta to tlie polar Btar in 
the little Bear ; onneqnefitly tliej will both be on the meridiaii at the 
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amplitude, Betting amplitade, and the timo (^ hii rismg and 
setting at Washington, on the 2lBt of June? 

51. Required the AutiBci of New- York ? 

52, Bequired the Periceci of Washington ? 
dS. Required the Antipodes of 0-why-hee ? 

54. Required the time of the moon's passage orer Jhe meri- 
dian of Oreenwich, on the SIstof August, 1848; heriight 
ascenuon being 12 honn 36 minutes Gl aectnids, and declina- 
tion 3° 13' S.? 

56. There is a plaee in latitude 19° 20' N. irhich is 1710 
geographical miles from Philadelphia, and west c^ it ; required 
that place? 

56. At what rate per hour are the inhabitants of Baltimon 
earned 1^ the revolution ctf the earth on its axis from west to 
east? 

57. What inhabitantsof the earth have the days amd nights 
always of equal length ? 

68. What is the Kngth of the longest day in latitude 75° Tf. ? 
09. In what latitude north, ]a the length of the longest day 

100 days ? 

00. On what day of the year does tbe sun set without risiiiK 
for several revolntioni of the earth on its axis, in latitude 78° N.T 

61. How manr days in the year does ibe sun rise and set in 
latitude 81° N. ?' 

03. At what time does day break at Dublin, on the monm^ 
of the let of May? 

03. What Btar has 11 Mgns 1° 15' of longitude, and 21° «' 
8. latitude ? 

44. B^ng at sea in north latitude, I observed the altitude of 
Capella to be 87° 20', and that of Cattor at the same time, 58° 
80' ; required the latitude in? 

05. Describe a horizontal dial for the latitude ot New-Tork ? 

69. In what climate is Edinburg, and what other places are 
situated in the same climate ? 

07. What is the sun's altitude at Washington on the 81st at 
August, when the sun is setting at London ? 

68. Describe a vertical dial, fiiciDg the south, for the latitude 
ct Washington. 

69. In what latitude is the meridian altitude of Cor Hydne 
C6° above the south point of the horizon ? 

70. Required the oblique ascension and descenuon of |S in Leo, 
and its rising and setting amplitade, at Washington ? 
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71. Whit u the breadth of the lOtfa north clinute. and 
what places are utualed within il ? 

72. What is the breadth of the 27th climate, or the 8d 
within the polar uroles ? 

78. On Hie 7Ui of Juim, 1846, the ami's meridian altitude 
was observed to be 81° 30' north oi the obserrer ; required 
the latitude f 

74. On the 34th of April, b the aftemooo, the son's altitude 
ma observed to be 68° 26', and after 2f houra had elapsed, 
his altitode was 29° 10' ; required the lautude, suppoung it to 
be north t 

76. Required the right asoension and deolina^n of ^ in Le- 
pns ? 

?6. On the 2ffth of November, when it is 9 o'clock in the 
evening at Washington, what stars are culminating ? 

77. On the 1st of May, 1848, the right ascension of Jupiter 
was 7 hours 6 minutes 55 seconds, and his declination 22° 66' 
N., was he a morning or on evening star ? If a morning star, 
how long did he rise before the sun at Washington ; but, if an 
evening star, how long did he shine after the sun set ? 

78. What is the meridian altitude of Rigtl in the left foot of 
Orion, at Washington ? 

79. On what pmnt of the compass does Areianu bear at 
Washington, on the 21st of March, at 9 o'clock in the evening; 
aad what b its altitude ? 

80. At London, on the 18th of October, the star Capelia 
was observed to be 31° above the horizon, and east of the me- 
ridian ; what was the hour at Washington at that time ? 

81. At what hour of the night at Washington, on the 16th 
of March, did RtgalM bear S. E. by £. ? 

82. At what hour at Washington, on the 7th of December, 
wfll Oatlor and Capdta have the same aiimuth ? 

89. What inhabitants of the earth have noon, when day 
breaks at Washington, on the l7th of January ? 

84. At what hour at Washington, on the 8th of January, 
will Rifftl and Poaux, have each 38° of altitude ? 

85. On the 10th of March, 1848, the moon's declination at 
midnight was 16° 28' N., over what places on the earth did she 
pass nearly vertical ? 

80. In what latitude does the sun begin to shine ctmstantly 
without setting, when the mhabitante of Meidoo have no shadow 
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87. When the inhabitants of London begin to have constant 
day or twilight, nhat stars rise heliacolly of Washington ? 

88. When the sun is on the meridian at WashinghSn, at the 
time of the vernal eqninez, what stars are rising al Canton ? 

BO. When the sun sets without rising for several revolu^Dng 
of the earth on its axis, at the Korth Cape, at what time does 
day break at WasIuDgton ? 

90. Are the clocks of Paris foster or slower than those at 
Washington, and how much ? 

91. What inhabitants of the earth have the sun vertical, 
when the Pleiades come to the metidian of Ispahan, at 8 o'clock 
ID the evening ? 

92. What is the moon's longitude when new moonhappena 
on the 24th of November ? 

93. What is the moon's longitude, when full moon happens 
on the lltb of September ? 

94. In what latitude is the length of the longest day, to the 
length of the shortest, in the ratio (rf two lo one ? 

95. What is the length of the longest night, where the Bua's 
least meridian altitude is 10° ? 

96. What is the length of the longest day, where the son's 
greatest meridian attitude is 62° ? 

97. What is the altitude of the sun at Washington, when he 
is due west on the 10th of June ? 

' 98. At what hour does the sun rise at Washington, whwi 
constant day or twilight be^ns at Edinhurg ? 

99. When Aldebaran rises with tlie sun at Washbgton, at 
what hour will Altair culminate at London ? 

100. Calculate the tru« time of the moon's passage over the 
meridian of Greenwich, on the 6tb of December, 1816. The 
moon's right ascension at noon on the 6th of December was 

1 hour 12 minutea 56 seconds, and on the 7th, at noon, it was 

2 hours 9 minutes 18 seconds. The sun's right ascenuon at 
noon, on the 6th of December, was 16 hours 62 minutes 59 
seconds, and on the 7th, at noon, it was 16 hours 67 minutes 
22 seconds. 

101. What is the length of the longest day at all places situ- 
ated on the Arctic circle ? • 

102. How many degrees must a person travel southward 
from Baltimore, tluit the north polar star may decrease 10° in 
altitude ? 
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81 12 N. 
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AMm, 




Bfl « S. 


1 It B. 
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A«i.r. 


40 88 H. 
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A«l«ml, 
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8S 9W. 
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Si.il, 
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8S 68 K 


A«SaI, 


South AtlMtio, 
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AtbtM. 
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StAagiMtine. 
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81 40 W. 
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SjrU, 
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•IW wlaWIOBa nnUM u iDHnule knoaladge of Uut nata oT tbe 701111^ ■ aoD- 
puloua niinl lo ttw amUmeiili bEalcsted, ud an are 10 oomblned InMniottoa idd 
■Miianmaail Ttimj are paifafble to but othac boi*a of Ihe aama iibar«>er wBb irhMl 
otnalDM, from Om maMr TaiM^ of tbe ulMtlaDa, and 6m Ibtfr bMH 
"—'-'-— iDtftnolbemiikaoriHadnanlbom. CUUnailtotffM 



arpiadtkaTBHrbtt tmlm 
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A. a. BABNES k OOHFANT S PUBUCATtOMB. 
Bre»kt'» ffrttt »tnl Latin Olattiei. 



GREEK AND LATIN CLASSICS. 



tau nrlB cf the Gaan ibiI Lira Oiuiia, bf N. C. Bnokii at BdUmoni fa <:■ H 
ImproTsd piu, wllti pHuUv iduUlloD lo tbe iruna of Uie Autcfkam nudniL T> 
Hcontccoianatlntta Uw woiu lliat m lo appeur, the laMl md moM ^>pn>t«d 
GiinpMa«dUioo*ofJt*<UlfetKitclBilcilHiUKinwlUb«CMWille(L IMgliDallaB» 
mUn uil axpUuEirT natsBi preiHirad bf Ih* Edilori wlB teecmpuo Ih* MB. 
TliHa ■»<■■, ihougb aofdiwi, wiO Iw '-i'™'-^ to dlmx aiid i^at Um Mudcnt tn kta 
labOR^ nlbtr Ihu by miilcriiic vnrj lUng loo ilanilai lo ■nMOtd* lb* mtoMs tt 
doe cintioD « hta oin pm, 1^ ikiB Induw bidolMU bslMar HiHlj ud laa^tdw, 
m IwblgBM oClnleUsct. 

fl Mudanl, BrHiDd prindj^ of C^IUcism, 



BROOKS'S FIRST LATIN LESSONS. 

mi ii id^iled to an; GramiOHi' of the luigaag«. It eo 

■nd WcUoiBUj oorobtned. uid wUI < — ■-' ' 

mmu at the Ijtin Luguage, iilli 
In editku. ISmo. 

BROOKS^ CABAVB COMMENTARIES. (Mprtu) 
Ttiki •UUon of the CommeoUrlei cJ Cnai on Itae OilUc War, b«ld« crtliciil ud 
tiplJviHlorj DDld smbodylDg miiGh InTumuttoih of an historic^ lopognphhal, ud 
mtllUiT cbuwler, li Uhutmed by nupB, portnlU, viewa, pJus of butles, he. It ha 
■ good C3kTiA| auUlDhig aU the wordik KeHrif mdj. 19mo. 

BROOKS'S OV\m METAMORPHOSES. Bto. 

TUicdiliDB orOrM la eipuisUed, wdftmi) Armi oMacUoiiible matter. Itlicliict- 
dHlad by m BnlyiU ud «ip[uaUDa of lUe ablm, t(igethsr with oriolDaJ EogUata oola, 
blH^Hicsl, mjnhi^oglcal, and crttial, and Uluitniled by pjcloliil etnballlafameBla j vUb 
1 Ctniia giving the iiiBaiili« of all the worda iriih critical eiadoea. Eaeb Ikbte cob- 
Inlm a plata l!r<Hn ui orlglDBi deoJgDt aikd an ulumliutad Initial lelUr» 

BROOKS'S ECLOGUES AND QEOROICS OF VIRQIL. (Amu) 
This edlUon oT Vb^ la Bln^dUsd by coploai odsbnl nntta, and olnek tam 

ancioDt ud modern paalonl poelr;. II It llliirinlal by plata* Bon olgllHil Jwlgw. 

uxl ointaiiiaiiaavligiTiiigUie moubigofaUlhs vonb. Sro. 

BROOKS'S FIRST GREEK LEBSONS, Iftno. 

m ofuw Greek verb baa ban graa% itii|3a»a 



BROOKS'S GREEK OOLLECTANEA EVANQELtCA. lAoo- 

s Four Gaq»1i bi Gretk, amnaed In Omnokiclnf 
hiatonr of the principal eyenta In (he BavlooT^ life aad 
a Lexicon, ud Is UluOnual and eiplalnad br solo. 



Coot^lc 



A. 8. BAKMBS k OOMPANT B 



I Shttarieal Biaiar. 



PARKER'S RHETORIOAL READER. Iteo. 
BuniiaM in Rhetorical Reading, derigned to romiliuiia rettden wlUi Un 
panw ukI ather inuks la gBOoral mn, and lead them to the pfastice of 
modnUtion and mSsction of the ntios. Br R. G. Paukb, ■■tthnr of " Rx- 
•nuMi in EsKliah CompiMitiDn," "Compntdinm of Natural Philoiqihy.'' 



fliB tbiknrtaw: — H ta ■daptad to 4U o1 —m aiMi idioQla, from tha hJghflBt to eh* Iqw^ 
It CDBlolni a pncdcal illnebvUoD oT alt Ih? mariiB employod tQ written lan g u age : 
tim laauia Tor tha coltlvatloa, ImprnTamant, luid BtfeogthaDing of tha voice, and 
liriAnjctHiiB ■« veU ■■ evardHfl Id a gnat TBTletj r^ the priadplea of BheUnrlciil 

it length to BilbTd an opportiuilty Air 




lo acknowledge the receptloii Ihnjugtl jvm 



ler, kowsver. I am prepared to speak la the biglitat te 
-■-— '- ipit, that I shall Introduce It imnwi: 



sr Mi. Parker'! EU» 



well adapted to the wania of pupila. that I ehatl Inlrodnce It immedlalel)' In the Acad- 
tof of which I am alwut R> take cfauso u Hadlaun, inlblgHiUa. It la (be beat ihlng 
of Ihe kind I have n| found. I cannot ear loo much in Ua faior.'— .fiiAa O. O^ 
Hilwr tfUu MUUn MtU .4c«(«y, .4Uiu, Oa. 

"Ur. Parter haa ntada IhepubHc hia deblw l>r aome of hie hrmer puUkaUoDa— 
mpaeMj Iha'AUa to Englbh Compoemoo'— and br tbiB ha h*e fnittlf laonasd 
the abUgalfoB. Thna an nadlng booka alinoat witboqt nombiT, bnl veir lb« of 
Itaam pnrMod lo glre btMracttona how Ki raad, and. nnlockily, tow of onr laachen an 
eampalent to aappljr the defect. If ^oimg penma an lo be laagtal la read wtdl, U 
naal gcueianjr be done In the primary aehaola. aa the coUeglala hmn afltuda too IllUe 



to bCEln md accomiMli tbat^wotk.^ W< hi 



__ , CO of oar apprecdatkn of 

worth, we ghali la; U astde Ajr Iho ww of a oenaln luiaolls apadtaeo of bomaDll] 



adnoalioD, and wa repaid it aa BjaODg the au^bdooa d^H of _^ , ,, 

mo» Btleidloa ia siieD, br Uie boal of leachani to ihe enltiratUn of a power wtaldi la 

diaelpUne and nrooraei. Is ihit wiK-k, Ur. Parkir'i Tolome, we are aure, wtll tie fBond 
a nTuaUa ald."~r-m»i>c CinmdcH. 

"The tllle of Ihia work expUiaitaehBiMler and dedgn, which an waO saRtadgot 
bT<he manner liwUchU la eniEiUed. Aa a davlKiok Ibr ■udMa In etoeakm. w M 
ta ordinal; nadbig book, we do not think «• b»a aen aarlhina aaperior. Ibe die- 
MngutahlogchaiKlBTlatlcorua i^ ia lo aanmie aome atmple and ^miliar example^ 
whicb wUlbanadilf andcmoodl^tbe popll, and which NatonwlU teUhhshowta 
daBnr propnl;, and refer man diDcall paaaagea to thia. aa a modaL Than ia. how^ 
Bflvr. anollur aaflaUebOB in tfaa wotk, which wa take pieaaun In CMuneDdiogi U la 
ch the InBvdnctoiT tenran Irs artanged. In uechln; 
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A. B. BAKHBd * OOHrANT fl FIIBUCATIONB. 

Seitntc of Ik* Unfliik Lmmguag* 

OLAItK*a NIW ENGLISH QRAMMAR. 
A taeOni Onmrnu, in which Worim, Phsiki, aod S imp iOM mra elaai- 
iad, aoMtdinc to thoii <iKittm, uid'thair nlatiM to «*Eh dtbr-: Qla^nM 
braoompktoijMMBof DUmiiM- BrS. W. Cuu, A.M. Fiioesaek. 

b oar baM KdioaUwortB of mod WUer pnuakn. n* peenlliriqi df ta nALJ 
|l*w (ml sr tfa« bM pnctioe of ll> uuhor (h be hJnwelf imiiiw ■■ ta IB pcethu) 

ninj imiiMiwinrii ■ llli lln luiijij >nl fhllninplilr rinrtgii U hwiinWiliirl" lltiat§ 

'IhM Bnr work idrlko B TifT bTdnUT. [> dnttthna (nm aUK book* tf tM 
\\n\ nil ■iiiiiiillj JnlLi liiin iml nflni tmriiniiil Wa wWi UKfa«n wobM subIm 

■tl !• pnpUMi Dpon ■DnrplsD.to met dUDoiiHla *bkb Ihs uaor ba euom- 
Hnd Ib piMcd fliinmii*. Onuiuiuv ud Iba ■racUira oT lH«iug« an lurtl 
ftumihiiiM lij amijili. and inawiif wbkb remtMi ibalr (cgniaUloa w^ and nHribe 

ntrbioed 11 bia pcrinU of Tery doiMAd aapHloritr orer uj of (ha alouBeur nrta 
ka conuDoo nae- Wa cDcnmdnd U lo the atfiAlkia i^ at] who m evflasad ta liialiiio- 

■*Pnn a (horouBb ffiUDibuaoii of tout natbod of (aacblng Iha Eneflflfa lugoan^ 
1 am preured la fPTO It 1117 uniuUBed appnbailoii. II la a plu nrigfaial wd beur 
tUU—wab adaplad to Iha capadliea of laarnni of stsj ^b and aUga of vlTiuia- 
■WL"-^ a, a im mmm i , Jb^wimlimtnt tf JfmIW. 

*lhn«,miMrnT bnnadiala hiMnictlaii hi BnsHA finranur, a das or non Ihn 
•14 iadka ud ganilanwD bom Iha Ikachstf Dep aihna il, wbo, biTtav nidlMl tfa* 

■CUrk'a Kair Gmmdur,' whtcb «« han naed aa a taxtbo^ ihic 



"OaiM OraBBur I ban paiw mm aqmlM «« yra^iwWWr, ablsb I* of Oh in- 
■Hal impontam in III KhooH>ODki.'*-^S. B. O^k, Primi^^ il SuB^trwafk Act* 



*— SnOva Ut>nr]i Qudte. 

■ I ham anBlnad Tonr nfk oa Onmmar, and do not biailale Id pi mu i iii na H ■b- 
poturto aqr work irilh wbMi I un aaqmiiUad. I ahall fannxtm K iats tha Hond 
Horrto UnlaB Bejoot (1 tha dnl proin' oppoRunt^.'i— a G. m^Ww, A JK, fViad- 



"FioManr OarVa tun work w Otwnmar, enoWiihig DIagniaa Uhatnttn of hia 
I) W8». la. Im mT opIaloB. ■ meal aMellBiil BaaUaa on ' the Sdama of IbaKnSlMi Laa- 
niifB.' Tha ■nlhot bu itadtoiirtT ud propsrij orcludsd ftvm hia book lbs ladinleal- 
Wea, JatfuDi and amUgiiilf abldi lo cfbn nadar atUmpla lo teadi Knauaai ouImb- 
iMirnKhainoacabb. Tba taidiKtiTa plan whkA haliM adoplod, (Bd of wUch ha 
h hi teaoUnc graounar. Iha oftghMtDr, hi aduhaUr adapled hi tie naal nneaai M 
buta laachla« nid lMnib« IhekpsMuit actaaoBor o« hii«iian.»-«: X. awn, *m 
•/•r ^o f ■«<* SenUn.' 
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A. ■■ BAUtU * COMrAMT fS 



Fulton <t Jadmai 



A rRAOTIOAL SYSTEM OF BOOK-KEEPINQ. 

BT LEVI 8, PULTON ft 0. ff. KASTJUN. 

riMl«1iilii| IhiM dktinct forms of Booka, adapted fot the FainKr, HMhanic, 
and Hercbaol— to whicli > added a TBiiety of xaeMi forma for piaclica) 
MB Tix.: Notes, Bilb.Dranc, Receipts, &c.,<bc. AJ» a Compendluinol 
Euiei of Erklence applicable to Booka of Account, and of Law ia refaceot * 
to the CoUectioa of Pioaamacs Nolaa, Ac 

BO0K.KBEPINO BIiANKS. (Tm Nog. Id a ML) 

nM Die ol Uisa Bluk Book! tIU be bond ten Importul Id DuoUlarliJiig (ha Btaokr 
Willi Ihe Ibnu nqnlMi* u the keeping of aoawoU -"^^'-g 1o FuUou A Vtrnmntt 



"l biTa "■■"'■—' irllh DtKh eMlMkcUoo FnMon k EaMniiii') Sntsm of BhI- 
Ktirimg, and take rtiiira hi rscomiiMndlng Ua adoptfan to mj IdunedUM Hcoh *Bd 
odien. It la ilBipU and eeailf lednoed to pnctiBai and poeeeeaea a peouUai ad a p i alloa 
.. .. .._ - — inonilx (tor «Ueh R la deiigDHL Tm plu Ibr »— ' ' 




■ FiriToH fc EuTif All's Booa-RHnno.— Ws had supposed that. Id Ihe omltiplldlgp 
of maka cb Book-Keeping, bardljr aiqr tblng nloable rnuaincd to bs iuggeslnl l^ 
hHer aulheift abosld taj such prtemil IhsmaelTeB. Bin Ve hare ben cmMniied ol 
ear sbcsMtahtednsis la smmtekog the mrk with the abora Uiie, dow before ua. Tbe 
TOffe li pSdMl^deitaDttl far Khoob-HbroHiiraaiischaak-biitBhouklbeiii the 
baadiareTsijTinier, MechantOi and HsKiiaM in ihe land. IlopSDawilh a arMan 
or aeeooBt^eepIng ftir binien. lUknred bf ooa Rr mechaoica, and ttata, inluni, V aa 

^iidij, and Una and hbor mviog propenies, puasnsea stKaolBgea o>er all other 



» We aie Terr ranch pkeaBd with t 
•dbig^ pnctkat ; being by alngto 



, and Medianic. Tv Ibeee are added notes 
Lpendlum ot nd« or STidenee applkabJe lo booka of 



whether the Book la of nura ImpoclaDoe 10 echotsis In BCb.oli or 10 Fauni Mecha» 
lea, or buaiBaa men. The vmiaa, lo which la added a niMr of unflil 'Form,' 

-1.1.1. _-. i™-i— _. k 1_ 1 aorla«a,lio«rtatal(WBllwoitfc 

I lo Uis iiiB0<iii1 uf twpn^4n 
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A. B. BAKNKB k COMPAMT'b rOBLICATIOITB. 
OilUtpit't Ifannat af Road-Making. 

OtLLMPIE ON ROADt AND RAILROAOa. 

A MANUAL OF ROAD-MAKING. 

OmmMat the prindplea and ittaetice of the LocMion, Comstmciiun, Bad 

ImpnnanMit of Roidi, (Donunaa, mBCadun, pBTod, \A.tnk, Ac.,) and 

KuLuui» 8t W.M. GiLunu, A.M., FroTeMiit of Civil Q^iaMiiiiSiB 

Union Collsce. Prioe Bl.so. 



li.liiU n|MeU,tb . . .. 

fraBtlBKnMeDBcnl,0DmprehaiHit«D«Bf4D(lcJunivBat^uil]; KlBpied lo Uw vuit 
HUdiaM of UtO EnglDHriBgi ud Itae purpows of pefKnu In ani wb; engieEcl iu 

atUa-, would hmve b«D > tnlj nUloual tienrlll. lud h li lo be hoped Itud iu lolrud 
tbn IdIo out wmlDvia mi^ b« n g«nenU H4(oiniik« a knowledge ol'theprincl] 



"TbkniuiUTOluinsoonUliianDcti •Khuble mKUBr.derlndlhHotba'bat uttiwll 
■Dd s« Ibnli In a clew lad Hmpla •lylB. Pnr ttae wut of InlbnulJoii whlcb It u 
tallied In Ibli Hiniul. asrloDa ulauks tie rveqpendt made, aad TOada an badl; loci 
and badlT conMructad bj peraong ^monjit or lb« inie pilndplea whteh oogbl 10 K 
m in naA taaeL'—Jimiiil «/ Ua Ftnklin IiutituU. 

*It would BBtonldi man* ^path^niaHn* to aae how mueti (liay don*! know wIlIi 
sard to th« Tvy bmlusss wvj bava eoiiBld«T«d IfaftinaalTBa soch adeplB in. Val >tl 
lb Elmpls, 10 lucid, ao tualghEfiHivard, so msjiU^atlj mie, Itiat Uia m«t ordlUKr} r 

ama ma* Ind III war Inio erwr WD^ Ubiaiy If mt Inlo bthit acboot Hbrarr, w <■ 
aa Into tba bandi orerary man Inunaled Is road-making."— J^^p* York Trikiuu 

"Tbla atabonla and admlnblc worl 
IM mulu of an enginBBrtng eiperleui 



a methodiml imiiae ugaju isviiit 
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